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(57> Abstract: A method of stimulating coalbed (5) methane production by injecting gas into a producer (2) and subsequently p lac- 
ng the producer (2) back on production is described. A decrease in water production may also result. The increase ,n gas P^<*™ 
and decrease in water production may result from: the displacement of water from the producer (2) by gas; the ^abhsh^nt of a 
mobile gas saturation at an extended distance into the coalbed (5), extending outward from the producer (2); and the reducuon in 
coalbed (5) methane partial pressure between the coal matrix (11) and the coal's cleat system. 
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SYSTEM FOR IMPROVING COALBED GAS PRODUCTION 



I. TECHNICAL FIELD 

Generally, this invention relates to the improved production of coalbed gas from 
substantially solid subterranean formations including coalbeds: Specifically, this invention 
5 relates to the use of a stimulation gas to manipulate the physical and chemical properties of 
such subterranean formations and -to increasing the quantity, quality and rate of production 
of coalbed gases associated with such subterranean formations. ' ' • • 

II. BACKGROUND • 

A significant quantity of coalbed gas is physically bound (or sorbed) within 
,0 coalbeds, This coalbed gas, which was fomied during the conversion of vegetable material 
into coal, consists primarily of iftethanc. Because it is primarily methane, coal-gas is 
commonly termed coalbed methane: Typically, more than 95% of the coalbed methane is 
physically bound (adsorbed) onto the surface of the coalbed matrix. 

Coal may be characterized a^ having a dual porosity character^ which consists of 
,5 micropores and macropores. The micropore system is contained within the coal matrix. 
The micropores are thought to be impervious to water, however, the vast majority of - 
coalbed methane contained by the coalbed is adsorbed onto the walls- associated with the 
micropores. The macropores represent the cleats within the coal seam. Face and butt cleats 
are interspersed throughout the coal matrix and form a fracture system within the coalbed. 
20 The face cleats ire continuous and account for the majority of me coalbed's permeability. 
Butt cleats are generally orthogonal to the face cleats but are not continuous within. the coal. 
On production, the coalbed matrix feeds the cleat system and the desorbed coalbed gas is 
subsequently removed from the coalbed at production wells. 

Several important problems limit the economic viability of coalbed methane 
25 production. The first is the handling of produced water from water-saturated edajbeds. The 
handling of produced water can be a significant expense in coalbed methane recovery In a 
typical water^saturated reservoir, water must first be depleted to some extent from the cleat 
system before significant coalbed methane production commences: Water handling 
involves both pumping and disposal costs. If the coalbed is significantly permeable and fed 
30 by an active aquifer, it may be impossible to dewater the coal and induce gas production. 
Production of significant quantities of water from an active aquifer may be legally restricted 
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and may result in lawsuits from others who rely on the affected water supply. Disposal of 
the produced water can present several problems. The water may be discharged to the 
surface and allowed to evaporate. If sufficiently clean, the water may be used for 
agricultural purposes. Finally, the water may be reinjected into the coal. All of these 

5 disposal methods require envirorimental perrnitting and are subject to legal restrictions. 
Many conventional coalbed gas production systems only displace water in the vicinity of 
the production well which results in a short coalbed gas production period which lasts only 
hours or a few days. One example is disclosed in US Patent No. 4,544,037; Gas production 
stops when the water returns to the coalbed surrounding the production welL 

10 The second problem which limits the economic viability of coalbed gas production 

is maintaining the appropriate removal rate of coalbed gas as it is desorbed from the 
coalbed; As the pressure in the immediate vicinity of the producer decreases, a quantity of 
gas desorbs from the coal and begins to fill the cleat system. If the water is excluded from 
the coalbed surrounding coalbed gas production well, and as gas desorption continues, the 

15 gas phase becomes mobile and begins to flow to the low-pressured producer. With the 

existence of a mobile gas phase, the pressure drawdown established at the production well is 
more efficiently propagated throughout the coalbed. Gas more efficiently propagates a 
pressure wave compared to water because gas is significantly more compressible. As the 
pressure decline within the coalbed continues, gas desorption, and therefore gas production, 

20 accelerates. •= • 

There is an important relationship between these two present production problems. 
The rate of gas diffusion from the coal can only be maximized by maintaining the lowest 
possible production well pressure, however, excessively low pressures increase water 
production. Conventional production practices overcome the diffusion-limited desorption of 

25 methane from the coal matrix by using such excessively low production well pressures, or 
do not set coalbed gas removal rates as disclosed in U.S. patent 4^544,037, allowing rate- 
corirrollirig diffusion of coalbed gas and water encroachment to limit the economic life of 
the coalbed methane production well. 

A related problem is coalbed structure water permeability. Increased water 

30 permeability allows water that is displaced from a coalbed to return more rapidly which 
results in increased water handling or a shorter economic lifespan of the coalbed reservoir. 

2 
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Conventional production techniques do not effectively deal with the water permeability of 

the coalbed structure. 

Another conventional coalbed gas production problem is the contamination of the 
coalbed gas removed from the coalbed with stimulation gas.. As but one example, Amoco 
5 Production Co (Amoco) has developed a method of increasing coalbed methane production 
by increasing the pressure difference between the coal matrix and the cleat system 
w <diflusional, partial-pressure driving force) (US patent 4,883,122). As that patent discloses, 
Anioco injects an inert stimulation gas (such as nitrogen) into an injection.welL Nitrogen is 
, less sorptive than coalbed methane and tends toremain in the cleat space. The injected 
10 nitrogen drives the resulting gas mixture to one or more producing wells, where me mixture 
.. is recovered, at the surface. By the end of a year's production, the product gas may contain 
approximately 20 volume percent nitrogen. The simulated production rate profiles resulting 
from a continuous nitrogen injection are shown in Figure 5. The point labeled P in Figure 5 
is the production rate immediately prior to application of the stimulation gas enhanced 
15 method^ As is evident, me mcrease in gas production due to 

and substantial. Much of the dramatic increase in early-time gas production results from the 
reduction in partial pressure of methane in the cleat system. Part of me improved recovery 
resultsfromthew^^ 

the coalbed; However, much of the production over the long term contains quantities of 
20 nitrogen which are substantially higher than minimum standards fpr pipeline natural gas. 

Similarly, other ECBM methods which are. designed to desorb gas by the injection 
; ,of gas into an injection well and recover gas mixtures at one or more producing wells have 
; . high levels of contaminating stimulation gas in the coalbed gas removed at the production 
"well. These techniques generally employ the use of C0 2 or CQ 2 -nitrogen mixtures as 
25 disclosed by U.S. patents 5,454,666 and 4,043,395; and as disclosed in an Alberta Research 
^Council (press release). CQ 2 is more sorptive than methane and tends to be adsorbed by the 
. coal matrix. Therefore, the response of methane at the producers is attenuated. However, as 
with the above mentioned methods, these ECBM methods produce coalbed gas with high 
levels of stimulation gas. Therefore, as with the other above mentioned methods a gas 

30 cleanup process is required. 

Another problem with injection of stimulation gas into a separate well located a 
distance from the production well is the production of increased water. In fact, Amoco's 
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ECBM technique may increase-overall water production because the increased quantity of 
coalbed gas that results from this injection-desorption process may tend to sweep additional 
quantities of Water to the producer. 

Yet another problem with convention coalbed gas production is high cost. Many of 
5 the above mentioned methods use stimulation gas at high pressure which requires the use of 
expensive, high-capacity, multistage gas compressors. Similarly, other methods also use 
high pressure as disclosed by US: patents 5,419,396; 5,417,286; and 5,494,108. High costs 
are also associated with the use ofcaibon dioxide gas as disclosed by U.S. patent 4,043,395 
and in the continuous use of coalbed gases during coalbed gas production as disclosed by. 
10 U.S. patents 4,883,122; 5,014,785; arid 4,043,395; - ... 

Each of these problems of conventional coalbed gas production are addressed by the 
instant invention disclosed. v 

ni. DISCLOSURE OF INVENTION 

15 Accordingly, the broad goal of the instant invention to increase coalbed gas Recovery 

by stimulation of the coalbed formation. The invention improves on the previously 
mentioned ECBM recovery techniques. The present invention comprises a Variety of 
coalbed stimulation techniques which are applied to coalbed methane production wells; The 
techniques serve to displace and confine wafer, alter the permeability of coalbed fracture 

20 systems/ establish optimal coalbed stimulation gas amounts and coalbed gas removal rates, 
and as a result operate to limit water production rates in Water-saturated coalbeds and reduce 
stimulation gas content in produced coalbed gas. The methods are simple, economical and 
time efficient. Naturally, as a result of these several different and potentially independent 
aspects of the invention, the objects of the invention are quite varied. v 

25 Another of the broad objects of the invention is to provide a numerical simulator 

which simulates the flow of water and gas phases around wells which communicate with 
coalbed gas. Simulation of gas desorptioh and sorption between the Coalbed and the cleat 
system and the interrelated effects of pressure gradients, fluid viscosity, absolute 
permeability and liquid-gas phase permeabili ty allows prediction of Coalbed gas production. 

30 This allows various aspects of the instant invention to be optimized which when Used 
separately or in combination increase coalbed gas production. 
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Yet another object of the invention is to eliminate the necessity for separate cdalbed 
gas stimulation injection wells and coalbed gas production wells. As mentioned above 
most conventional coalbed production practices use a separate stimulation injection well 
and a separate coalbed gas production well . This practice leads to a variety of problems; 
5 with^ater-handiirig and contammatioh of the Rafted gas produced. It is therefor desirable 
to establish a method which uses the production well for both stimulation gas injection and 

also for coalbed gas removal. ■ 

Another object of the invention is the convenient and effective water displacement 
or confinement of water which surrounds coalbed gas; production wells. Water handling as 
10 mentioned above isboth costly and inconvenient^ Anefiectiveniem of displacing water 
• :"#om a large area of the coalbed surrounding the production Well into the adjacent coalbed 
area would eliminate the necessity of handling at least a portion of that coalbed water. 

Another object of the invention is to establish a reduced water permeability of the 
coalbed so as to exclude at least of portion ofthe displaced water. A reduced water 
1 5 : permeability coalbed prevents or slows the rate of water encroachment around producu 
wells. From the point of commercializing production of coalbed gas, having less Water in 
the coalbed gas reservoir translates into less water to handle and to dispose of, increased 
coalbed gas recovery, and coalbed bed gas with less water content. By eliminating the 
problems associated with coalbed water, production rates are increased andthere is less 
20 cOst per unit volume of production. 

An additional object ofthe invention is to produce cleancoalbed gasfrom a , v> 
stimulated cOalbed. Coalbed gas containing less than about foui per .cent per unit volume of 
coalbed gas does not have to be cleaned up before it is used. Glean coalbed gas, as a result, 
costs less to produce per unit volume than coalbed gas produced using conventional 
25 stimulation techniques: A predictable method of producing clean coalbed gas is therefor 

highly desirable. """"" : : : 

Another object of the invention is to calculate the rate at which coalbed gas should 
be removed from the coalbed or other subterranean formation. Desorption of coalbed gas 
from coalbed formations is a rate limiting step with regard to production. Desorption of 
30 coalbed gas is increased when the coalbed is stimulated and when the desorbed gas is 
removed. Optimal removal rates of coalbed gas ftom the production well establishes a 
desirable balance between a lowered pressure which induces continual desorption of 
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coalbed gas from the coal matrix and yet not so low as to draw previously displaced water 
back into the coalbed reservoir. 

Another object of the invention is to reduce the cost of coalbed gas production^ ; 
Most conventional coalbed gas stimulation techniques: utilise continuous high pressure 
5 injection of stimulation gas during the production of coalbed Additionally, many 
techniques utilize purified gas which necessitates fractionation, of atmospheric; gas^r ^iis 
necessitates the long term use of expensive multistage gas compressors and fractionation 
equipments Moreover, many techniques also require separate injection well& and production 
wells and then subsequent puri fication of the produced coalbed gas. As such* tliese 
10 teehniquesmay be prohibitively expensive to use. The instant invention, eli^ates imany 
of these expensive features and steps allowing coal^^ 

lower cost :V- : ; 

IV. BRIEF DESCRIPTION OF DRAWINGS r 
• = Figure 1 is a graph of typical coalbed production rate 
is techniqueis. ,/. ; 

Figure 2 is a graph of typical sandstone production rates using conventional recovery 
techniques, .: 

Figure 3 is a drawing of a particular embodiment of the instant inve^ ^ 
Figure 4 is a graph of the relative ability of water and gas to flow as a function of the 
20 water saturation of a coalbed. ; / ^ ^> u ^ 

Figure 5 is a graph of a isimulated conventional produ 
continuously stimulated with nitrogen gas. - - : 

Figure 6 is a depiction of the dual porosity structure of coal- 

Figure 7 is a particular embodiment of the pattern of a production well in relation to 
25 water confinement wells. j . 

Figure 8 is a graph which compares the coalbed gas production from an 
Unstimulated coalbed and a stimulated coalbed gas using a particular embodiment of this 
invention with nitrogen. 

Figure 9 is a graph which compares the coalbed gas production from a stimulated 
30 coalbed using the instant invention which was previously produced by conventional \ 
unstimulated coalbed methods: 
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V. BEST MODE(S) FOR CARRYING OUT THE INVENTION 

As can be easily understood, the basic concepts of the present invention may be 
embodied in a variety of ways. It involves both treatment techniques as well as devices to 
accomplish the appropriate treatment. In this application, the treatment techniques are 
5 disclosed as-part of the results shown to be achieved by the various deyices r described and as 
- steps which are inherent to utilization. They are simply the natural result of utilizing the 
devices as intended and described. : In addition, while some devices are disclosed, it would 
be understood that these not only accompliskcertain methods: but also can be varied in a, 
number of way s. Importantly, as to all of jthe foregoing, all of these facets should be; 
10 understood to be encompassed by ftisdisclosurei , , ..,.,'•! .,„. 

. Figures ,1 and 2 are generally reprcsertatiye qf conventional gas production profiles 
for typical coalbed and sandstone formations. Production from the coalbed formation 
(Figure 1) is characterized by an initial period, of high water production and low gas . . ... 
production. The gas production rate increases with the partial depletion of water and the 
is lowering of pressure in the coalbed. As. described earlier, the lowering of pressure results in 
the desorption of coalbed methane from the coal matrix, The gas rate falls off in the later 
stages of production. This decline in producUon results from at least two factors: (1) a 
depletion of sorbed methane from the Copl and (2) a rate,contfolling diffusion of gas from 
the coal that is related to the difference in.pressure between the coal matrix and the cleat .... 

20 System.- <j:y- • '. :-v. . ■ K\- " ..■ . = •••*.. 

, ,, In comparison, the gas production from £i sapdstqne formation is often related only 
to reservoir pressure (Figure 2). The gas fs contained within the sandstone's pore space. 
: Gas production is highest initially because reservoir pressure and gas content are at a 
maximum. Production rate declines as gas content and, therefore, reservoir pressure 
25 declines: Water rate increases as pressure declines, either because of water encroachment or 
because of an increase in the permeability to water as the pore spate collapses as shown in 

.Figure 4. .... ••<;:■,■„■ : i- ' „ *:•«••••' , : • •-■ •. 

The production of coalbed methane from a water-saturated coal resource with the 
. instant invention may mvolve displacing water surrounding the production well or wells 
30, without disrupting the coalbed structure or confinement of the displaced water so that it 
does not encroach upon the dewatered coalbed gas reservoir during coalbed gas production. 
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This can be subsequently followed by the following three steps: (1) production of gas and 
lowering of pressure in the immediate vicinity of the wellbore; (2) the desorption of coalbed 
methane from the coal matrix into the cleats due to the pressure reduction; and (3) the 
accelerated production of mobile coalbed methane gas from the coalbed as the radius of 

5 influence of the pressure drawdown increases throughout the coalbed. r^Fhe present 
invention operates to improve the efficiency of all these production steps, and production 
mechanisms. V? r .- 7 : 

As depicted in Figure 3 , The present invention stimulates a producer by injecting an 
appropriate quantity or amount of coalbed stimulation gas (1) into at least one production 

10 well (2). This is accomplished by using a compressor or other stimulation gas transfer 
element (3) perhaps joined to the annular region production •^U^^ t ^ i g^^^ss^ki3^Q^ 
control valves or other production Well coupling 

stimulation gas transfer element and the production well: The injected stimulation gas 
flows into the coalbed (5) ih the vicinity of the production well. Conceivably, any gas ban 

15 be iised, bW the most preferable is a gas that is less sorptive than methane, such as nitrogen 
but may also be carbon dioxide. The optimum injection gas may be air because it's free arid 
is 80% nitrogen. Water (6) which is associated with the coalbed or a part of the coalbed 
surrounding the pr oduction well has a hydrostatic pressure. The coalbed stimulation gas (1) 
can fee delivered to the coalbed at a pressure greater than that of the hydrostatic pressure of 

20 the water and the water is displaced a distance froiti the well. With continued injection^ a 
region of gas saturation is established at an extended distance into the coalbed thereby 
estabiishirig a water d (7). This operation effectively partially de- 

waters the coalbed without producing water to the surface; Optimally, the pressure is not 
substantially larger than the Kyclrb^taiic pressure of the water so ais not to disrupt the coalbed 

25 structure. One or more water confinement wells (8) may be established a distarice from the 
production well or at the water displacement perimeter or at the production well drainage 
radius to remove water encroaching upon the production well; RerriovaLl of water may be 
accomplished by use of a pump or other water transfer element (9) coupled to the 
confinement well through a variety of water confinement couplihg elements (1 0). At least 

30 water is removed frorri the confinement wells although gas may also be removed froth the 
stimulated coalbed reservoir from the confinement well ais necessary to assist the production 
well in removal of coalbed gas from the coalbed gas reservoir at the required removal rate 

8 



; PCt/US00/174il 

\VO 00/79099 

through various coupling Elements (7). The area swept by the injected coalbed stimulation 
gas by this method may be significantly greater than the radius of pressure drawdown that 
results from initially de-watering a well by conventional production methods. Assuming the 
' injected gas is composed Wfrstanually of irifrogenVttie coalbed's cleat system is initially 
s occupied by a gas that contains little methane (15). 

At the time the mjectibnif coalbed stimulation gas ceases and the production well is 
about to be placed oh production by lowering its pressure any of the following conditions 
tiave been created by me Emulated coalbed g which Should improvegas 

production W production rate at the production 

io well comparai to conventional p^^^^ First, at least a partial saturation of 

coalbetf stimulatioh^gas has been e^tabushe^ an extended distance into the coalbed. As a 
result, ■^"■p^d 1 ^Ste«siite-iaai^fe l fixi& W^-«iieW»ififr diteiExq^iioitf is-bls|i: This 
saturation will also serve as an efficient medium for transferring through the cleat system or 
drawdown the reduction in pressure of water. This drawdown may be accomplished by a 
is pump or water removal element (12 ) coupled to the production well with any of a variety of 
production well coupling elements (13) that rWults from simultaneously removing coalbed 
gas antl water from the doalbed by means of the production well for producer. 

Second; the water saturation has beefr decreased, which reduces its ability to flow to 
the producer. The ability of water to flow (water permeability of the coalbed) as a function 
20 of water saturation is conceptually depicted in Figure 4. In a gas-water system, permeability 
to water drops as the water saturation decreases. The ability of a well to produce water is 
"' directly proportional to the coalbed's permeability to water, as shown by the equation: 

qw = PI x Krw x AP, where ^r. 1 

qw = water production rate from ! a producer ; 

25 pi = productivity index of the well; 

Krw ^ relative permeability to water; arid 

AP = difference in pressure between producing Well and adjacent coalbed. 

Conversely, because of the increased gas saturation, the permeability to gas, and therefore 
its production rate, will be increased. 
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Third, the coalbed stimulation gas injected into the cleat system will initially 
promote a reduced methane content (i.e., concentration) in the cleats, which will increase 
the desprption rate of methane from the coal matrix to the coaFs cleat system by the method 
of partial pressure reduction. The dual porosity stnic^ure in coal is depicted in simple form 
5 in Figure 6. Recall that the cleat system is drained by the producing wells, and notice that 
the cleat system surrounds the coal matrix. The relative locations where the partial 
pressures of coalbed methane are calculated in the cleats mid the coal matrix are also shown 
in Figure 6, During the injection phase of this invention, coalbed stimulation gas replaces 
a portion of the water aspart of the displacement process. Initially, the gas in the cleat 
io system will c^ Mow partial 

pressure of methme. The idealized rel^ partial pressure of ppajbed 

methane in - the Gleat$ to local cj(<eat : pressure : ^d; v °I l ^ e fi^^^Pfl: of coalbed metjiane. is 
.-. shown by the ibllo^h^ i^iiatipn: ;; , J:i . . -., 

: . '7:^::. Pon^. ft Bo^tf.-^^ Wberp.: : ? ^ i .. . ..c^ .' . ; r -i- 

Pcleat — Absolute pressure in the cleat at a particular spatial location; and 
v ;v : ^ same 

A conceptual relationship that rela^^ 
20 cleats:as a function of their respective partial pressyresis sbovyn ]by the following equation: 

Qdsorb = K x (Pcoal - Pch 4 ) where ; , v • ; 

Qdsorb = Rate of coalbed methane desorption from coal matrix to the cleat system; 
K = A group of terms assumed tp be constant for tius example; 
Pcoal = Partial pressure of coalbed methane adsorbed onto the surface of the coal 
25 matrix at a particular spatial location; and 

Pch 4 = Partial pressure of coalbed methane existing in the cleats measured at the 
. : - same location ias Pcoal 
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The above mentioned relationships will show a close dependence between rate of 
desorption and the difference in partial pressure, which is called the diflusiorial, partial- 
pressure driving force. All of the above-mentioned factors should increase the coalbed 
methane production rate and decrease the Water production rate. More complex 
5 relationships are possible and may require the use of a numerical simulator such as 
WRICBM model entitled "Development Of A Portable Data Acquisition System And 
Coalbed Methane Simulator, Part 2: Development Of A Coalbed Methane Simulator" which 
is attached to this application and hereby incorporated by reference; The equations defined 
within WRICBM are time dependent, interrelated (coupied)-ahd ribh^ner in nature. 
10 WRICBM uses an iterative, simultaneous method to solve me equations for each discrete^ 
volume element or coalbed characteristic of a coalbed at every point in time. A general and 
simplified description of the WRTCBM's formulation and equation set follows: ; 

WRICBM models a dual-porosity formation in which a stationary, rioh-porbus, non- 
permeable matrix communicates with a porous, permeable matrix. The stationary matrix 
,5 represents the coal. The permeable matrix represents the cdalbed's cleat (fracture) system. 
Water and gases only flow within the permeable matrix. Gases exchange between the 
stationary and matrix elements: This feature simulates gas desorptioii/sorption between the 
coalbcd's coal arid'cleat system* The movement of gases and water phases within the 
permeable matrix are described by the generally accepted multUphase modification ofOA 
20 Darcy flow. Therefore, the transport of the fluids are subject to the effects of pressure 

gradients for each phase, fluid viscosity, absolute pWtieability, and ^liquidwgas phaserelative 
^ permeability. The rate and quantity of gas desorption/sorptioh between the stationary and 
permeable matrix systems can optionally be determined by equilibrium controlled, pseuds 
unsteady stafe controlled, and fully unsteady state controlled transport mechanisms^v* 
25 Equilibrium transport assumes that the pressure in the coal is the sahie as the pressure in the 
local fracture system. Thus, there is no time delay for gas sorbing Or desorbihg with respect 
to the coal. The pseudo-unsteady state transport assumes an average concentration of gas 
sorbed within the coal and a diffusions! time delay for sorbed gas movement within the 
coal. Fully unsteady state transport assumes a concentration gradientof sorbed; gas within 
30 the coal element with a diffusional delay for sorbed gas movement within: the eoaU For the 
unsteady state methods, the sorbed gas concentration at the surfaces of each coal element 
are functions of the local partial pressures at the cleat matrix: Partial pressure is the product 
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of the reservoir pressure and the individual mole fraction of each gas species present. The 
multi-component, Extended Langmuir relationship relates the quantity of individual gas 
component sorbed to respective gas partial pressure. 

The following set of equations are solved STOultmeotisly within WRICBM at each 
5 discrete timestep for each differential element of coalbed; 

1. Material balance for water : ^ 

2. Material balance fof each gas component present in the stationary-matrix, 
permeable-matrix systerii - ^ ; 

As stated previo^sly, Darcy flp\y describes the transport of material with respect to each 
l o differential element's permeable matrix. The quantity pf gas desorbed/sorbed for each 
component is represented in the re^ect^ 

The rate of gas desorption/sorptidn is, dependent on the lpcal partial pressure foi: each ,' ; _ 
permeable matrix's differential element and the porresppnding sorbed concentration of each 
gas components •, :r. ■. ■ O-^-A "•. . ■■■ 

15 , WRIGBM calculates the flow of water and gas phases at the wells in the standard 
way. The calculation uses viscosity ^ each 
phase's matrix pressure and the wellbore 

radical nature of the well's drainage. Spi^eierms couple thA well equations to the ; 
individual material balance equations. y<r,- s:. : trU ; v i: ^ • 

20 As a result the invention has many^ 

different ways to optimize the production of coalbed methane, Th^Qptip^ selected wll ? 
depend on the determined characteristics pf tlie coalbed reservoir and the conditions at the 
production well. This model may be invaluable in utilizing the disclosed absorptioii and 
desorption rate calculation elements^ water displacement rate calculation elements* 

25 stimulation, gas amount calculation elements, coalbed gas removal calculation elements, 
and reduced permeability gas pressure calculation elements^ although calculation elements 
may used manually or otherwise. Optimizing this process may require a knowledge of 
reservoir engineering and the use of a coalbed methane simulator. ; 

One embodiment of the invention uses a production well (1 2) to both deliver 

30 stimulation gas (1 ) to the coalbed gas reservoir and for the removal of coalbed gas (14) front 
the coalbed gas reservoir (11), Asraentioned above this approach is different than most 
conventional coalbed gas production techniques which use a separate gas stimulation well 
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and a separate coalbed gas production well. Using the production well for both purposes 
eliminates many of the problems associated with conventional production methods which 
include excessive water production at the coalbed gas production well, cbntaminatibn of the 
produced coalbed gas with excessive amounts of stimulation gas and the unintended 
5 alteration of the coalbed structure to mention a few. With regard to the instant invention, 
the gas may be injected into the coaibed for a brief period of time through the production 
* wen and the amount of stimulation gas may be limited. The producer may be subsequently 
placed back on production, and a dramatic increase in coalbed methane recovery and 
reduction in water production results. This approach may be applied to coalbeds that are 
10 ; either substaritialiy dry With little of no mobile water saturation or applied to coalbeds that 
have a portion or all of the coalbed saturated with water (6): In the forMer case, thfc increase 
in producnon Would not significantly ihvolve changes in peririeability to the Water or gas 
phases but will involve Resorption of gas from the coal matrix and possibly the immobile 
water. In the later case, the water in the coalbed maybe displaced from a large area 
is surrounding the production well by the delivery of me stimulation gas to the production 
well. The de-watered coalbed gas reservoir volume may define a water displacement 
perimeter (7). This invention or approach may reqmre the use of surrounding producers or 
wateY confinement wells (8) in addition to me stimulated well (or wells). During production 
of the stimulated wells, these additional producers can limit the encroachment of water that 
20 has been displaced from the coalbed by the gas injection pfodedurfe: Used in the ways 
described above, these surrounding Wells may be regarded as conventional, unstimulated 
-'producers or as Water confinement wells that act as barriers betWeeri the stimulated coalbed 
- region and the surrounding aquifer. In a particular application of the embodiment and as 
shown in Figure 7, the production well may be located at the centroid of a tract of land 
25 having an area of between approximately 40 and 320 acres. The tract of land may optimally 
4iavc a substantially square perimeter but this may not necessarily be the case. Water 

confinement wells may be located approximately at the comers of the substantially sqiiare 
Serimfctef to remove Watei encroaching upon "the ^watered coalbed surrounding the 
production Well/ The coalbed may be stimulated by injecting coalbed stimulation gas 
30 through the production well for a brief period W eight to twelve days with an amount of 
coalbed stimulation gas to sweep a substantial portion of the deWatered coalbed reservoir. 
The injection of coalbed stimulatibri gas may be terminated arid the same well may be used 

13 



• 



WO 00/79099 PCT/US00/17411 
for removal of coalbed gas and possibly water at a rate which lowers the coalbed pressure in 
the coalbed and which is optimally never less than the rate at which the coalbed gas is 
desorbed from the coalbed. A number of adjacent tracts of land may be produced 
simultaneously by this method as yet another application of this same embodiment. This 
5 method may also be used on virgin or previously produced coalbed gas reservoirs. 

A second embodiment of this invention is, to decrease the water permeability of the 
coalbed formation! As mention above and as shown in Figure 4 increased water contained 
in a coalbed allows increased flow of water to the coalbed. Permeability, as mentioned 
above, is also a characteristic of cpalbeds that have had the coalbed structure altered by 

io some conventional high pressure injection techniques. The instant invention assesses the 
hydrostatic pressure of water associated with the coalbed surrounding a production well. 
Subsequently, a coalbed stimulation gas having a pressure greater than the hydrostatic 
pressure but with a pressure calculated to avoid ^tenng the structure of the coalbed is 
injected into the production well. A reduced water permeability calculation element may be 

1 5 used to assist in these calculations. /The pressure of the injected coalbed stimulation gas 
limited to a pressure not substantially greater than the hydrostatic pressure displaces at least 
^ portion of the water in the coalbed without altering the coalbed structure. The de-watered 
coalbed having the same structure may be a reduced Water permeability. To the extent that 
the reduced water permeability excludes water from the coalbed reservoir the economic life 

20 of the coalbed is extended, a reduced volume of water has to be removed by water : 

confinement wells, and the coalbed gas produced may contain less water. In fact* overall 
water production should be lower than with any production scheme (ECBM or otherwise) 
because of the displacement of water from the coal and the reduced permeability to water. 
Water handling costs should be lower as well, particularly relative to the quantities of 

25 coalbed methane produced. Naturally, this technique could be used in applications other 
than the production of coalbed gas where water permeability of the subterranean formation 
is important. , 

Another embodiment of this invention comprises maintaining increased desprption 
of coalbed gases from the surface of the organic matrix of subterranean formation or 
30 coalbed. The production of coalbed gas from a de-watered coalbed can involve: (1) 

production of gas and lowering of pressure in the immediate vicinity of the wellbore; (2) the 
desorption of coalbed methane from the coal matrix into the cleats due to the pressure 
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reduction; and (3) the accelerated production of mobile coalbed methane gas from the 
coalbed as the radius of influence of the pressure drawdown increases throughout the 
coalbed. These may be are optimized when the coalbed gas desorption rate is known and 
the remoVal rate of coalbed gas from the coalbed is never less than the desorption rate from 
5 the surface of the organic matrix of the coalbed or subterranean formation. However, 

withdrawal rates must not be so great as to lower the pressure of the formation so as to draw 
water into the coalbed. One aspect of this invention is therefore, a method of estimating the 
desorption rate of the coalbed gas from the coalbed by calculating a coalbed gas desorption 
rate at which the coaibed gas desorbs from the coalbed. Producing the estimate may involve 
10 the use of a desorption rate calculation elements in the model. Based on this estimate* a gas 
removal fate is determined which is optimally never less than the calculated coalbed gas 
desorption rate. Determining the coalbed gas removal rate may involve the use of a gas 
removal rate calculation element; Subsequently, the coalbed gas is removed from the 
production well at the calculated coalbed gas removal rate. Since this removal rate may be 
is calculated to be a Value hot substantially greater coalbed may 

have a pressure which induces the least amount of water to be drawn into the coalbed. The 
water confinement wells may also be used to assist in the removal of coalbed gas to 
maintain or establish a reduced coalbed gas reservoir pressure within the region of 
stimulated production-wells. 
20 In ah additional embodiment of the invention, an appropriate amount of coalbed 

stimulation gas to be used based upon determined characteristics of the coalbed. One such 
. characteristic may be sorbed coal gas volume although other characteristics could be 

determined and additionally the characteristics may be interdependent on one another, 
" Simulations may have to be fun to weigh these characteristics to estimate the stimulation 
25 gas having an appropriate amount to stimulate the cdalbed reservoir. Because the amount of 

- stimulation gas estimated is the minimum amount to stimulate the coalbed gas reservoir, 
coalbed gas removed from the production well may not require cleanup for pipeline use. In 

- simulations of the present method with nitrogen; the nitrogen content of the initially 
produced gas may be less than ten volume percent and optimally less than four volume per 

30 cent, under stable stabilized coalbed gas removal conditions, and the percentage may; 

decrease with time. The clean coalbed gas having low levels of contamination by nitrogen, 
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results from the limited quantities of stimulation gas injected and its dilution from the large 
quantities of the coalbed methane gas mixture produced after stimulation. 

In yet another embodiment of the invention, the stimulation of a producer may be 
accomplished by mechanical or chemical alteration of the coal and coalbed's physical 
5 structure. These stimulation methods employ high pressure coalbed stimulation gas, acid 
. treatments or other coalbed alteration elements to induce fracturing apd creation of cavities 
(cavitation). These forms of stimulation either extend thp 

improyipg, the coal's absolute permeability or increase the weirs productivity index. Thus, 
the mechanical and chemical techniques stimulate wells differently than the: present. 

10 invention, and should be considered as a separate and distinct method of enhancing 
production. However, it may be possible to achieve a further increase in production l?y^ 
applying the present invention in addition to a mechanical orxhenwcaVsti^ulafiqn. In, any 
case, a limited degree of fracturing may occur in the immediate vicinity of the wel 1 bore 
when the present invention is applied to a soft coal. This minor degree of fracturing is 

15 probably an unavoidable consequence of injecting air into the pressurized coalbed. 

In another embodiment of the invention, several adj acent producers within a field 
may be stimulated simultaneously. This, technique would de^water a large pprtion ; of the 
reservoir before the commencement of production. The period of gas injection ppuld be 
increased at a central well or to establish gas saturation at surrounding producers. This . 

20 technique may de-water a large region of the coalbed using a sin^ A single well , 

within a pattern could bp stimulated for a limited period before being placed on production. 
In this case, the outer wells could serve as barriers to prevent water encroachment and to 
further reduce the overall pressure in the reservoir, 

comprising several wells can be de-watered by gas injection, and ^ suiToimding pattern of 
25 unstimulated producers can be used to prevept water encroachment into the dewatered area. 
In yet another embodiment, the stimulation technique may be repeated on a 
particular welL(or. wells). The technique may also be used on wells that were pi;eyipusly 
produced by conventional means and are therefore partially de-waterpd^ The increase in 
recovery may not be as dramatic as its application to a virgin reservoir, but it may be 
30 significant. . ......... ,/^:- \ 

In many of the above mentioned embodiments the stimulation compression costs are 
significantly reduced. This invention does not always employ high injection pressures. In 
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fact, it is most efficiently operatedby maintaining the lowest possible processing and 
reservoir pressures. It isonly necessary to moderately exceed the prevailing hydrostatic . 
gradient. In addition, the gas injection (or stimulation cycle) is only performed for abrief 
period. In comparison, a typical ECBM procedure requires continuous or almost continuous 

s injection at high injection pressures and gas rates to drive the gas mixture to the producer. 
Lastly, this invention may be applied to any reservoir material or subterranean 

, formation whose gas is physically ^ : (soib^.ontot|iesu^pf ainc^c^« 
can be released by a reduction in pressure. In this manner water associated with a portion of 
the coalbed is displaced away from the coalbed, : , , 



The following examples of bpth apparatus and methods for coalbed gas reservoir, 
simulation are representative and do n P t limit me possible 

this invention. A stimulauon.gas is applied to a production >yell located within a five-spot 
- repeated pattern of producers on 320-acre spacings as shown in Figure 7 . The coalbed is 
15 fully;water-sa^ 

coalbed is 1 Darcy, andits depth is- 700 ft. A stimulation of the coalbed reservoir is , 
-perfonned by injecting 60 thousand standard pubic feet per day for 10 days,, The producer is 
subsequently placed on production for the remainder of one y ear. The cumulative coalbed 
„ methane production as a function of time is shown in Figure 8. Also shown in Figure 8 is , 
20 ^.cumulative coalbed methane production that. results from a conventional gas depletion 
. procedure: The stimulated well yields a 30-fold increase in cumulative production : 
-.compared to the conventionally produced well. The gas: water ratios for the stimulated and 
^unstimulated wells were 3,9 and 0,12 mscfiTjbL respectively. The maximum nitrogen ., 
content in the stimulated producer's product ..gas was 3.0 volume percent. This example 
25 , demonstrates the dramatic mcreas^ 

invention. It is also illustrative of the potential coinmercial. benefit that can be derived from 
,, !; , the production of clean coalbed gas that does not require any forther cleanup prior to ; c 

introduction into a gas supply pipeline. 

As a second example, a stimulation was performed on a well that was previously on 
30 production by a conventional, depletion method for one year. The reservoir description and 
production well pattern are the same as for the first example. A 10-day stimulation was 
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performed as before. The cumulative productibh history for the stimulated well and the 
well that is continuing to be produced on primary are compared for the second year of 
production as shown in Figute 9. The stimulated well produced 40 volume percent more 
coalbed methane. The gas: water ratios for the stimulated and unstimulated prc^editfes 
5 were 8.7 and 6.1 mscf/bbl, respectively. The majdmum nitrogen content in the stimulated 
producer's product gas was less than 5.0 volume percent This example demonstrates that a 
substantial increase in coalbed methane production is possible when the technique is applied 
to a well that already under production. 

It should be understood that the apparatuses ahd metoods of the enibodmients of the 

10 present invention and many of its attendant advantages will be understood from the 

foregoing description and it will be apparent that various changes may be made in the forni, 
construction and arrangement of the parts thereof Without departing frorii the spirit and 
scbpe of the iiiventibn of sacrificing all of its material advantages, the form hereinbefore 
described being merely a ^ ' 

15 Particularly, it should be underetood that as the diselosiiffe relates to elements 

invention, the Words for each element may be expressed by equivalent apparatus terms or 
method tfeims— even if only the function or result is the same. Such equivalent, broader, or 
even more generic terms should be considered to be encompassed in the description of each 
element or action: Such ternis can be substituted where desired to make explicit the 

20 implicitly broad coverage to which this invention is entitled. As but one example, it should 
be understood that all action may be expressed as a means for takings that action or as an : 
element which causes that actidii. Similarly, each physical element discldSed should be 
understood to encompass a disclosure of the action which that physical element facilitates. 
Regarding this last aspect, arid as but one example the disclosure of a ''stiinulated coalbed 

25 reservoir" should be understood to encompass disclosure of the act of "stimulating a 
coalbed reservoif'—whether explicitly discussed or not—and, conversely, were there only 
disclosure of the act bf "stimulating a coalbed reservoir", such a disclosure should be 
understood to encompass disclosure of a "stimulated coalbed reservoir". Such changes and 
alternative terms are to be understood to be explicitly included in the description. 

30 Additionally, the various combinations and permutations of all elements or applications can 
be created and presented. As to the claims' use of the term "comprise" or variations such 
as "comprises" or "comprising", unless the context otherwise requires, these terms are 
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intended to imply the inclusion of a stated element or step or group of elements or steps but 
not the exclusion of any other element or step or group of elements or steps; Such terms 
should be interpreted in their most expansive form so as to afford the applicant the brbadest 
coverage legally permissible in countries such as Australia and the like. 
5 Any references mentioned, including but not limited to the references in the 

application to a ^Development Of A Portable Data Acquisition System AndCoalbed 
Methane Simulator, Part 2: Development Of A Coalbed Methane Simulator'*,^ hereby 
incorporated by reference or should be considerki a^- additional text or as an additional 
exhibits br 'attachments to this application -tb^ef ■^tfciit'p^rii&tGMj htowfeVer, to the extent 
10 statements might be cdnsttte^^ invention(s) j, 

such statements are expressly nbt to be cdhsidfered as rha^% the applicant. Further, the 
disciosrirb should be understood tdiriclude support for each featuVe, component, and step 
shown as separate and independent inventions as well a^ ffie Va^bus cdrnbinations and 

permutations of each: 

15 " '- 
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VI. CLAIMS , , • 

1 . An apparatus for coalbed gas production* comprising: 

a. a coalbed; , 

b. coalbed gas sorbed to coal in said coalbed; . , , , 
5 .c*\y water associated with at least a part of said coalbed; : 

d. at least one production well ^hich commiinirates with said coalbed, gas; 

e. a coalbed stimulation gas; , , v . 
.,, >, a stimulation; gas .transfer element; 

g r a production well coupling element responsive to said stimulation gas 
I o , transfer element which delivers said stimulation gas to said- coalbed within 

- , the vicinity of s^d; at le^ ; ^ 

^ , h.? ?7 a water displacenrient perimeter surrounding said at least one production well; 
i. a stimulated coalbed gas reservoir; 

j. at least one water confinement well communicating with said coalbed located 
15 distance from said at least one productiori well; 

k. - at least one water transfer element; 

I. at water confinement well coupling element responsive to said water transfer 
element and to said at least one water confinement well; 

m. coalbed gas desorbed into said stimulated coalbed gas reservoir; 
20 n. at least one coalbed gas removal element; 

o. at least one coalbed gas removal element coupler responsive to said at least 
one coalbed gas removal element and said production well; and 

p. at least coalbed gas removed from said stimulated coalbed reservoir through 
said at least one production well. 

25 2. An apparatus for coalbed gas production as described in claim 1, wherein said water 
associated with at least a part of said coalbed has a hydrostatic pressure and wherein 
said coalbed stimulation gas has a pressure greater than said hydrostatic pressure 
which displaces said water. 
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3 An apparatus for coalbed gas production as described id claim 2, wherein said 

coalbed stimulation gas has a water displacement pressure not substantially larger 
than said hydrostatic pressure. 

4. An apparatus for coalbed gas production as described in claim 3, wherein said at 
least one water confinement well removes at least a portion of said displaced water 
encroaching upon said at least one production well. 

5. Ah apparatus for coalbed gas production as described in claim 4, wherein said at 
least one water confinement well has a location on about said water displacement 
perimeter surrounding said production toisll.'' .;.ur-- '' - 

I o 6. An apparatus for coalbed gas production as described in claim 4, wherein said at 

least one production well has a location at about a ccntroid of an approximately 40 to 
320 acre tract of land. 

7. An apparatus for coalbed gas production as described in claim 6, wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter. 

is 8. An apparatus for coalbed gas production as described in claim 7, wherein said 

approximately 40 to 320 acre tract of land having a substantially square pferimeter is 
adjacent to a another approximately 40 to 320 acre tract of land having a. 
substantially square perimeter having a production well: ■•■ 

9. Aii apparatus for coalbed gas production asdescribcd in claim 6, wherein said at 
least one Water confinement well has a location at the extent of said approximately 
40 to 320 acre tract of land: • . . 

1 0. An apparatus for coalbed gas production as described in claim 4, wherein said at 
least One production well further comprising a drainage radius and. said at least one 
confinement well has a location at about a boundary of said drainage-radius. 
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11. An apparatus for coalbed gas production as described in claim 4, wherein said 
stimulated coalbed gas reservoir has determined characteristics used to calculate an 
appropriate amount of coalbed stimulation gas to stimulate said qoalbed gas 
reservoir having said determined characteristics so as to produce coalbed gas 
containing less than four percent stimulation gas per unit volurrie under stabilized 
coalbed gas removal conditions. - 

12. An apparatus for coalbed gas production as described in claim 4, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 

i : • reservoir having said determined characteristics so as to produce coalbed gas 
containing less than ten percent stimulation gas per unit volume under stabilized 
coalbed gas removal conditions. 

13; An apparatus for eoalbecl ga? production as described in claim 11, wherein said 

coalbed stimulation gas transfer element delivers said coalbed stimulation gas to said 
coalbed in a vicinity of said at least one production well for a duration of about eight 
to thirty days; ^ 

14. An apparatus for coalbed gas production as described in claim 1 1 , further 
comprising a calculated coalbed gas desorption rate a,t . winch, said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has an 
calculated average coalbed gas removal rate which is neyer less than said calculated 
coalbed gas desorption rate, 

15. An apparatus for coalbed gas production as described in claim 14, further 
comprising at least one coalbed gas removal element fluidically coupled to said at 
least one confinement well which assists said at least pne coalbed gas removal 
element to remove coalbed gas at said calculated coalbed gas removal rate. 

16. An apparatus for coalbed gas production as described in claim 15, wherein said 
coalbed stimulation gas has a pressure calculated, to ayoid altering the structure of 
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said cbalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

17; An apparatus for coalbed gas production as described in claim 16, further 

comprising a coalbed structure alteration element which acts after a portion of said 
coalbed gas is removed from said stimulated coalbed reservoir. 

18. An apparatus for coalbed gas production as described in claims 1, 3, 4; 11 , 14* 1 6, 
wherein said coalbed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air or a gas less sorptive to coal than methane. 

19. An apparatus for coalbed gas production as described in claim 18, wherein said 
cdalbed has previously had coalbed gas removed prior to delivery of said coalbed 
stimulation gas to said coalbed. 
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20. ' A method: of producing coalbed gas, which comprises the steps of: 

a. locating a coalbed having coalbed gas sorbed to coal; 

b. establishing at least one production well communicating with said coalbed; 
' &■ establishing at least one water confinement well communicating with said ; 

coalbed at a distance from said at least one production well; 
. d; : injecting a cobbed stimulation gas to said coalbed through said production 
■ ■-. -well; ;■-.>. ■- 

e. displacing water in said coalbed surrounding said production well with said 
20 coalbed stimulation gas; 

}•::£. establishing a water displacement ^perimeter surrounding said at least one : 

production well; 

■: ■ , : :g. stimulating said coalbed within said water displacement perimeter with said 
stimulation gas; 
h. desorbing said coalbed gas sorbed to said coalbed; and 
i confining said water displaced from said coalbed surrounding said at least 

one production well; and 
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j. removing at least said desorbed coalbed gas from said coalbed through said 
at least one production well. 

21 . A method of producing coalbed gas as described in claim 20, wherein said steps a to 
j occur in that order. 

5 - - - • , ,f ... c : , . . 

22. A method of producing coalbed gas as described in claim 21, wherein said steps g, h, 
i and j occur about simultaneously . 

23. A method of producing coalbed gas as described in claim 20, wherein said step of 
displacing water in said coalbed surrounding said production well with said coalbed 

io stimulation gas comprises using coalbed stimulation gas having a water 

displacement pressure not substantially larger than said hydrostatic pressure 

24. A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing said at least one water confinement well communicating with said 
coalbed at a distance from said at least one production well. 

15 25. A method of producing coalbed gas as described in claim 23> wherein said step of 
establishing said at least one water confinement well communicating with said 
coalbed at a distance from said at least one production well comprises locating said 
at least one water confinement well at a boundary of a production well drainage 
radius for said at least one production well, 

20 26. A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing at least one production well comprises locating said at least one 
production well at about a centroid of an approximately 40 to 320 acre tract of land. 

27. A method of producing coalbed gas as described in claim 25, wherein said 
establishing said at least one production well at about said centroid of said 
25 approximately 320 acres comprises establishing a substantially square perimeter and 
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establishing said at least one water confinement wells at each corner of said 
substantially square perimeter. 

28. A method of producing coalbed gas as described in claim 24, which further 
comprises the steps of : 

a. determining a characteristic of said stimulated coalbed; and - 

b. calculating an appropriate amount of coalbed stimulation gas so as to 
produce coalbed gas containing less than about four percent stimulation gas 
per unit volume under stabilized coalbed gas removal conditions. 

29. A method of producing coalbed gas as described in claim 28, wherein said step of 
calculating an appropriate amount of coalbed stimulation gas comprises calculating . 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stimulation gas per uni t volume under stabilized coalbed gas 
removal conditions. 

30. A method of producing coalbed gas as described in claim 28, wherein said step of 
calculating Tan appropriate amount of coalbed stimulation gas comprises calculating 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stimulation gas per unit volume under stabilized coalbed gas 
removal conditions. 

31. A method of producing coalbed gas as described in claim 28, further comprising a 
: •• calculated coalbed gaS desorpti on fate at which said coalbed gas desorbs from said 

coal and wherein said coalbed gas removal element has a calculated average coalbed 
gas removal rate which is never less than said calculated coalbed gas desorption rate. 

32. A method of producing cdalbed gas as described in claim 3 1 , which further 

comprised the steps of: 
25 a. injecting a gas into said coalbed through said production well having ah 

injection gas pressure sufficient to reduce the water permeability of said 
coalbed; 
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b. displacing said water from at least a portion of said coalbed without 
substantially altering said coalbed structure; 

c. reducing the water permeability of said coalbed; 

d. excluding at least a portion of said water from entering to said reduced 
5 permeability coalbed. 

33. A method qf producing coalbed gas as described in claim 32, which further 
comprises the steps of injecting a gas into said coalbed througli said production well 
having an injection gas pressure sufficient to cayitate said coalbed. 

34, A method of producing coalbed ga^ asdescrited in claim 20, which further 
1Q v comprises repeating steps a through j on the same production well. 

.3S<. A method of producing coalbed gas as described in claims 20, 22, 23, 28, 30, or 32, 
wherein said coalbed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air or a gas less soiptive to coal than methane. 

36; A coalbed gas produced in accordance with the method of claims 20, 22, 23, 28, 30, 

15 • OI\32. \: .. .. 

37. An apparatus for coalbed gas production, comprising: 

a. a coalbed; 

b. coalbed gas sorbed to coal in said coalbed; 

a at least one production well \yhich pommunicates with said coalbed gas; 
20 d. a coalbed gas reservoir having determined characteristics; 

e. a coailbed stimulation gas of haying an amount appropriate to said 

determined characteristics of said coalbed gas reservoir; 
f a coalbed stimulation gas transfer element; 

g- a production well coupling element responsive to said stimulation gas 
transfer element which delivers said stimulation gas to said coalbed in a 
vicinity of said at least one production Ayell; 
h. desorbed coalbed gas from said coal in said coalbed gas reservoir; 

26 
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I a coalbed gas removal element; and 
j. at least clean coalbed gas. 



38. 



An apparatus for coalbed gas production as described in claim 37, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 
5 reservoir having said determined characteristics so as to produce coalbed gas 

■'" containing less than about four percent stimulation gas per unit volume under 
; stabilized coalbed gas removal conditions, 

39. An apparatus for coalbed gas production as described in claim 38, wherein said 
< coalbed stimulation gas is ah ^ 
,0- * reservoir having said determmed cha^^ as to produce coalbed gas 

containing less than about ten percent stimulation gas per unit volume under 
stabilized coalbed gas removal conditions. 

■ 40. An appabtus for coalbed gas pWductibtf claim 35, further 

comprising a calculated coalbed gas desorption rate at which said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has a 
calculated average coalbed gas removal rate which is never less than said calculated 
coalbed gas desorption rate. ■ - 

41. An apparatus for coalbed gas production as described in claim 40, further 
comprising: 

£ water in at least a portion of said coalbed gas reservoir; 
? b a water di^lacenient penitieter, and 
c. at least one water confinement well whichxommunicates with said coalbed 
to remove water encroaching on said water displacement perimeter. 

42; An apparatus for coalbed gas production as described in claim 4 l v wherein said at 
25 least one water confinement well which communicates with said coal is located at 

said water displacement perimeter. 
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43. An apparatus for coalbed gas production as described in claim 41 , wherein said at 
least one coalbed gas removal element coupled to said at least one confinement well 
assists said at least one coalbed gas removal element to remove coalbed gas at said 
calculated coalbed gas removal rate which is never less than said calculated coalbed 

5 gas Resorption rate. 

44. An apparatus for coalbed gas production as described in claim 43, wherein said at 
least one production well has a location at about a centroid of an approximately 40 to 
320 acre tract of land. 

45: An apparatus for coalbed gas production as described in claim 44, jvherein said at 
io least one water confinement well h^s a location at the extent of said approximately 

40 to 320 acre tract of land. 

46. An apparatus for coalbed gas production as described in claim 41 , wherein said at 
least one water confinement well has a location at about a boundary of a production 
well drainage radius for said at le^t one production well. 

15 47. An apparatus for coalbed gas production as described in claim 41, wherein said 

coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

48. An apparatus for coalbed gas production as described in claim 47, further 

20 comprising a coalbed structure alteration element \yhich acts after a portion of said 

coalbed gas is removed from said stimulated coalbed reservoir. 

49. An apparatus for coalbed gas production as described in claim 45, wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter. 

50. An apparatus for coalbed gas production as described in claim 49, wherein said 

25 approximately 40 to 320 acre tract of land having a substantially square perimeter is 
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adj acent to a another approximately 40 to 320 acre tract of land having a 
substantially square perimeter having a production well. 

51. An apparatus for coalbed gas production as described in claim 37, 38, 40; 41, 42 or 
43, wherein said coalbed stimulation gas is ^ selected fi^m a group consisting of 
nitrogen, carbon dioxide, air, or a gas less sorptive to coal than methane. 

52. A method of producing coalbed gas, which comprises the steps of: 
a. locating a coalbed having coalbed gas sorbed to coal; 

• b establishing at least one production well to communicate with/said coalbed 



15 



53. 

20 



54. 

25 



10 c 



determining a characteristic of said coalbed, 

d. calculating an appropriate volume of a coalbed stimulation gas to inject into 
said coalbed having said characteristic; 

e. ' injecting said calculated volume of said simulating gas into said coalbed 

reservoir; 

f. stimulating said coalbed gas reservoir, 

g. desorbirig at least a portion of said coatbed gas sorbed onto saia coal in said 
stimulated coalbed reservoir; and 

h removing coalbed gas from said coalbed reservoir; 

A method of producing coalbed gas as described m^ whereiri said step of 

calculating said appropriate volume of said stimulation gas to inject into said 
coalbed gas reservoir comprises calculating said volume of said stimulation gas 
which results in produced coalbed gas from said production Well having less than 
about ten per cent stimulation gas per unit volume of produced coalbed gas. 

A method o f producing coalbed gas as described in claim 52, wherein said step of 
calculating said appropriate volume of said stimulatiori gas to inject into said 
coalbed gas reservoir comprises calculating said volume of said stimulation gas 
which results in produced coalbed gas from said production well having less than 
about four per cent stimulation gas per unit volume of produced coalbed gas. 
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55. A method of producing coalbed gas as described in claim 54, further comprising the 
step of using a stimulation gas amount calculation element: 



56. A method of producing coalbed gas as described in claim 54, which further 
comprises the steps of calculating a coalbed gas desorption rate at which said 
coalbed gas desorbs from said coal and wherein said step of removing coalbed gas 
from said coalbed reservoir has a calculated average rate which is never less than 
said calculated coalbed gas desorption rate. 

57. A. method of producing coalbed^ said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas froin said water confinement wells. 

58. A method of producing coalbed gas as described in claim 57, wherein said step of 
v calculating said desprption rate at which said coalbed gas desorbs from said coal 

further comprises using a desorption rate calculation element. 

59. A method of producing coalbed gas as described in claim 57, wherein said step of 
removing coalbed gas from said coalbed reservoir further comprises calculating a 
coalbed gas removal rate using a gas removal rate calculation element: 

60. A method of producing coalbed gas as described in claim 50, which further 
comprises the steps of: 

a f locating water in at least a portion of said coalbed gas reservoir; 

b. calculating a water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

c. displacing said water in said at least a portion of said coalbed gas reservoir; 

d. establishing a water displacement perimeter; 

e. establishing at least one water confinement well to communicate with said 
water located at about said water displacement perimeter; and 
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f maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 

61, A method of producing coalbed gas as described in claim 60, wherein said step of 
calculating said water displacement pressure nbt substantially larger than said 

5 hydrostatic pressure to displace said water comprises using a water displacement 

calculation element. 

62. A method of producing coalbed gas as described in claim 60, which further 
" comprises the steps of: 

a. injecting a gas into said coalbed havihg an injection gas pressure sufficient to 
10 reduce the water permeability of said coalbed; • « 

b. displacing said water from at least a portion of said coalbed without 
substantially altering said coalbed structure; 

c. redubing the water peimeiability of said coalbed; 

d: ' excluding at lea^t a portion of said water from entering to said reduced 
15 permeability coalbed. 

63. A method of producing coalbed gas as described in claim 62, wherein; said step of 
injecting a gas into said coalbed having an injection gas pressure sufficient to reduce 
the water permeability of said coalbed comprises calculating a approximate 
minimum stimulation gas pressure to reduce the water permeability of said coalbed 

20 reservoir. 

64. A method of producing coalbed gas as described in claim 63, wherein said step of >: 
calculating a minimum stimulation gas pressure to reduce the water permeability of 
said coalbed reservoir comprises using a reduced permeability gas pressure 
calculation element. 

25 65. A method of producing coalbed gas as described in claim 63, which further 
comprises the step of cavitating the coalbed gas reservoir. 
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66. A coalbed gas produced in accordance with the method of claims 52, 54, 56, 60, 62 
or 65. 



67. A method of producing coalbed gas as described in claim 52, 54, 56, 60, 62, or 65, 
wherein said step of establishing at least one production well comprises locating said 
at least one production well at about a centroid of an approximately 40 acre to 320 
acre tract of land. 

68. A method of producing coalbed gas as described in claim 67, wherein said step of 
establishing at least one water confinement well comprises locating four water 
con|inement wells located at the corners of a substantially: square perimeter 
encompassing said approximately 40 acre to 320 acre tract of land. 

69. A method of producing coalbed gas as described in claim 68, which further 
comprises the step of locating said at least one production well adjacent to another 
approximately 40 acre to 320 acre tract of land haying a production well. 

70. A method of producing coalbed gas as described in claim 69, wherein said step of 
injecting a stimulation gas into said coalbed reservoir comprises injecting 
stimulation gas selected from a group consisting of ni^e^ carbon dioxide gas, 
air, or a gas less sorptive to coal than methane. 

71. An apparatus for coalbed gas production, comprising: 

a. a coalbed; 

b. coalbed gas sorbed to said coalbed; 

c. at least one production well which communicates with said coalbed gas; 

d. desorbed coalbed gas from said coalbed having a calculated gas desorption 
rate; 

e. a desorbed coalbed gas removal system having a coalbed gas removal rate 
which is never less than said coalbed gas desorption rate; 

' f a production well coupling element responsive to said desorbed gas removal 
element and said production well; and ^ 
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g. coalbed gas removed from said coalbed gas reservoir. 

72. An apparatus for coalbed gas production as described in claim 7 1 , wherein said at 
least one production well has a location approximately at a centroid of an 
approximately 40 acre to 320 acre tract of land. 

5 73. An apparatus for coalbed gas production as d<^nl>ed in claim 72, wherein said 

approximately 40 acre to 320 acre tract of land has a substantially square perimeter. 

74. An apparatus for coalbed gas production as described in claim 73, wherein said 
approximately 40 acre to 32Q acre toct of land having said substantially square 

.; perimeter, lias a location adjacent to another approximate acre tract 

io of land having a production well. 

75. An apparatus for coalbed gas production as described in claim 74, wherein said 
injecting a coalbed stimulation gas into said coaled reservoir comprise injecting a 
coalbed stimulation gas selected from a group consisting, of nitrogen gas, carbon 
dioxide gas, air, a gas less sorptive to coal than methane. 

15 76. An apparatus for coalbed gas production as described in claim 71* further 

comprising:.-; ;.-; ; -'^.v.. 

a. a coalbed stimulation gas; : - - v : v c : v ^ 

b. a coalbed stimulation gas transfer element to dehver s^^ 
said at least one production well; and 

20 c. a stimulated coalbed gas reservoir. ; 

77. An apparatus for coalbed gas production as described in claim 74 further 
comprising: -.- . ' . >•■ -•: ; 

a. water in at least a portion of said coalbed gas reservoir; s 

b. a calculated water displacement pressure not substantially larger than said 
25 hydrostatic pressure to displace at least a portion of said water from said 

coalbed gas reservoir; 
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c. a water displacement perimeter; and 

d. at least one water confinement well to communicate with said water located 
at about said water displacement perimeter. 

5 78. An apparatus for coalbed gas production as described in claim 77, wherein said at 
least one confinement well has a location at about said water displacement 
periineter assists said production well to remove coalbed gas at said coalbed gas 
removal rate which is never less than said coalbed gas desorptiori rate. 

79. An apparatus for coalbed gas production as described in claim 78, wherein said at 
io least one water confinement weH Comprises locating four water confinement wells 

located at cdineis of said substantially square perimeter around smd tract of land. 

80. An apparatus for coalbed gas production as described in claim 77, further 
comprising: ':. 

1 i ' a characteristic 6f said coialbed; 
15 b. an appropriate volume of a coalbed stimulatioii gas based upon said coalbed 

characteristic; 

81. An apparatus for coalbed gas production as described in claim 80, Wherein said 
appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic results in coalbed gas removed from said stimulated coalbed gas 

20 reservoir which contains less than four per cent stimiilation gas per unit volume. 

82. An apparatus for coalbed gas production as described in claim 81, wherein said 
coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed ahd wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

25 83. A method of producing coalbed gas, which cohiprises the steps of: 
a. locating a coalbed having coalbed gas sorbed to coal; 
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b. establishing at least one production well to communicate with said coalbed 

gas; 

c. injecting a stimulation gas into said coalbed; 

d. terminating injection of said gas to said coal; 

5 e . desorbing said coalbed gas sorbed onto said coal; 

f calculating a desorption rate at which said coalbed gas desorbs from said 

- coal; and 

g. establishing a coalbed gas removal rate which is never less than said 

calculated desorption rate. 

10 84. A method of producing coalbed gas as described in claim 83, wherein calculating 
safe desorption rate 1 at which said coalbed &>s desorbs from said coal Wmprises^ 
■ ; " using a desorption rate calculation element. 

85; A method 6f producing coalbed gas as described in ciairn 84, wherein establishing 
said coalbed gas removal rate which is never less than said calculated desorption 
rate further comprises using a coalbed gas removal rate calculation element. 



15 



20- 



86. A method of producing coalbed gas as described in claim 85, which further 
comprises the steps of: 

a. locating water in at least a portion of said coalbed gas reservoir; 
' \b. calculating a water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

displacing said water in said at least a portion of said coalbed gas reservoir; 
d. establishing a water displacement perimeter; 
25 e establishing at least one water confinement well to communicate with said 

water located at about saiid water displacement perimeter; and 
f. maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 
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87. A method of producing coalbed gas as described in claim 86, wherein said step of 
establishing a coalbed gas removal rate which is never less than said calculated 
desorption rate further comprises removing said coalbed gas through said 
confinement wells. 

5 88. A method of producing coalbed gas as described in claim 86, which further 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas from said production well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

10 89. A method o^ gas as described in claim 86, which further 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas from said production well having less than ten per 
cent stimulation gas per unit volume of produced coalbed gas. 

15 90. A method of producing coalbed gas as described in claim 89, which further 
comprises the step of: 

a. injecting a gas into said coalbed having an injection gas pressure sufficient to 
reduce the water permeability of said coalbed; 

b. displacing said water from at least a portion of said coalbed without 
20 substantially altering said coalbed structure; 

c. reducing the water permeability of said coalbed; 

d. excluding at least a portion of said water from entering to said reduced 
permeability coalbed. 

25 91 . A coalbed gas produced in accordance with the method of claims 83, 86, 88 Or 90. 

92. A method of producing coalbed gas as described in claim 83, 86, 88 or 90, wherein 
said step of injecting a stimulation gas into said coalbed comprises injecting a gas 
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selected from a group consisting of nitrogen gas, carbon dioxide, air, a gas less 
sorptive to coal than methane. 

93. A method of producing coalbed gas as described in claim 90, wherein said step of 
drilling at least one production well comprises locating said production Well 

5 approximately at a centroid of an approximately 40 acre to 320 acre tract of land. 

94. A method of producing coalbed gas as described in claim 93 , wherein said locating 
^aidproduction well approximately at said centroid of said approximately 320 acre, 
tract of land comprises establishing a substantially square perimeter and further 
comprising having said at least one confinement well at about each corner of said 

10 square perimeter. 



95. 



A method of producing coaibed gas as described in claim 94, Which further 
comprising the step >6f locating Waf le^t 6he production well at a centroid of an 
approximately 40 acre to 320 acre tract adjacent to an approximately 40 acre to 320 
acre tract having a production well. 

15 96. An apparatus for coalbed gas production, comprising: 

a. a coalbed structure having a ^ pertheability characteristic; 

b. at least one production well which communicates with said coalbed structure; 
c: an stimulation gas having a pressure in a range which alters said permeability 

v 'v characteristic of said coalbed and which avoids disraptidn of said coalbed 

26 : structure; 

d. an stimulation gas transfer element; 

e. a production well coupling element responsive to said injection gas transfer 
element and said production Well; and ' 

f. a reduced water permeability coalbed. ■• 

25 ^7. An apparatus for coalbed gas production as described in Claim 96, wherein said 
injection gas having said pressure in a range which alters said permeability 
characteristic of said coalbed and which avoids disruption of said coalbed structure 
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is not greater than a pressure necessary to reduce said water permeability of said 
coalbed. 



98, An apparatus for coalbed gas production as described in claim 97, further 
comprising: 

5. a. coalbed gas sorbed on said coalbed structure; . 

b. desorbed coalbed gas from said reduced water permeability coalbed; 

c. a desorbed coalbed gas removal system; and 

d : desorbed coalbed gas removed from said reduced water permeability coalbed 
through said production well. 

1 0 99. An apparatus for coalbed gas production as described in claim 98, further 
comprising: 

a. water in at least a portion of said coalbed gas reservoir; 

b. a calculated water displacement pressure not substantially larger than said 
* hydrostatic pressure to displace at least a portion of said water from said 

15 coalbed gas reservoir, 

c. a water displacement perimeter; 

d. at least one water confinement well to communicate? with said water located 
at about said water displacement perimeter; and 



20 



1 00. Ail apparatus for coalbed gas production as described in claim 99, wherein said at 

least one confinement well has a location at about said water displacement perimeter 
assists said production well to remove coalbed gas at said rate which is never less 
than a desorption rate of said coalbed. 



101. An apparatus for coalbed gas production as described in claim 1 00, further 
comprising: 

25 a. a characteristic of said coalbed; 

b. an appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic; 
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102, An apparatus for coalbed gas production as described in claiin 101, wherein said 
appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic results in coalbed gas removed from said stimulated coalbed gas 
reservoir which contains less than four per cent stimulation gas per unit volume. 

5 1 03. An apparatus for coalbed gas production as described in claim 102, further 

comprising ^calcul ated coalbed gas desorption rate at which said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has a 
calculated coalbed gas removal rate which is never less thati said calculated coalbed 
gas desorption rate. 

,o 104. An apparatus for coalbed gas production as described itf claim 103, wherein said at 
least one production well has a location approximately at a centroid Of an 
approximately 40 acre to 320 acre tract of larid^ 

105. An apparatus for coalbed gas production as described in claim 104, wherein said 

approximately 40 acre to 320 acre tract of land has a substantially square perimeter. 

,5 106. An apparatus for coalbed gas production as described in claim 105, wherein said at 
least one water confinement w^ 

located at corners of said substantially square perimeter around said tract of land. 

107. Aji apparatusfor coalbed gas production as described™ claim 106, Wherein said 
approximately 40 acre to 320 acre tract of land having said substantially square 
20 perimeter has a location adjacent to another approximately 40 acre to 320 acre tract 

of land having a production well. 

108. An apparatus for coalbed gas production as described in claims 96, 98, 100, 101, and 
103, wherein said stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air, a gas less sorptive to coal than methane. 

25 1 09. A method of producing coalbed gas, which comprises the steps of: 
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a. locating a coalbed structure having a water permeability characteristic; 

b. establishing at least one production well to communicate with said coalbed 
structure; 

c. providing a stimulation gas; 

d. injecting said stimulation gas in a manner which avoids disturbing said 
coalbed structure; and 

e. al tering said water permeability characteristic of said coalbed structure 
through injection of said stimulation gas in a vicinity pf s^id at least one 
production well. 

110. A method of producing coalbed gas as described in claim 109, wherein said step of 
providing said stimulation- gas comprises providing stimulation gas having a 
pressure which is not greater than a pressure necessary to reduce said water 
permeability of said coalbed structure. ...... 



15 UK A method of producing coalb^ gas as described in claim 110, which further 
comprises the steps of: 

a. locating coalbed gas sorbed on said coalbed structure; 

b. desorbing coalbed gas from said coalbed haying said water permeability , 
charac 

20 c - renioving desorbed coalbed gas from said cpalbed structure. 

112. A method of producing coalbed gas as described in claim 111, wherein said step of 
providing said stimulation gas comprises providing stimulation gas haying a 
pressure which is not greater than a pressure necessary to reduce said water 
permeability of said coalbed structure further comprises using, a stimulation gas 

25 pressure calculation element. 

1 13. A method of producing coalbed gas as described in claim 111, which further 
comprises the step .of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
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results in produced coalbed gas from said pfbdxictiori well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

114. A method of producing coalbed gas as described in claim 113, which further 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
5 gas to inject into said coalbed based upon a characteristic of said coalbed which 

results in produced coalbed gas from said production well having less than ten per 
cent stimulation gas per unit volume of produced coalbed gas. 

115 A method of producing coalbed gas as described in claim 1 14, which further 
comprises ;the steps of: 
f 0 ! a ; locating water in ki least a portion of said coalbed gas reservoir, 

b. calculating a water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

c. ' displacing said water m said af least a portion of said coalbed gas reservoir; 
15 d. establishing a water displacement perimeter; 

e. establishing at least one water confinement well to communicate with said 
water located at about said water displacement perimeter; and 

f. maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 

20 1 16. A method of producing coalbed gas as described in claim 115, which further 
comprises the steps of calculating a coalbed gas desorption rate at which said 
coalbed gas desorbs from said coal and wherein said step of removing coalbed gas 
from said coalbed reservoir has a rate which is never less than said calculated 
coalbed gas desorption rate. 

25 1 17. A method of producing coalbed gas as described in claim 1 16, wherein said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas from said water confinement wells. 
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118. A coalbed gas produced in accordance with the method of claims 111, 113, 115, 
116. 



119. A method of producing coalbed gas as described in claim 1 1 8, wherein said step of 
establishing said at least one production well comprises locating said production 

5 well approximately at a centroid of an approximately 40 acre to 320 acre tract of 

land. 

120. A method of producing coalbed gas as described in claim 1 19, wherein said locating 
said production well approximately at said centroid of said approximately 320 acre 
tract of land comprises establishing a substantially square perimeter having four 

10 confinement wells located at about the comers of said substantially square perimeter. 

121. v A method of producing cpalbed gas as described in claim 120, further comprising 

the step of locating said at least one production well at a centroid qf an 
approximately 40 acre to 320 acre tract adjacent to an approximately 40 acre to 320 
acre tract having a production well. 

15 122. A method of producing coalbed gas as described in claim 111, 1 13, 1 15, 1 16, 

wherein said step of injecting a stimulation gas into said coalbed comprises injecting 
a gas selected from a group consisting of nitrogen, carbon dioxide, air, a gas less 
sorptive to coal than methane. 

123. Methods substantially as described hereinbefore and with reference to any of the 
20 accompanying examples. 

124. Apparatuses substantially as described hereinbefore and with reference to any of the 
accompanying examples. 
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SYSTEM FOR IMPROVING COALBED GAS PRODUCTION 



I. TECHNICAL FIELD 

Generally, this invention relates to the improved production of coalbed gas from 
substantially solid subterranean formations including coalbeds. Specifically, this invention 
5 relates to the use of a stimulation gas to manipulate the physical and chemical properties of 
such subterranean formations and to increasing the quantity, quality and rate of production 
of coalbed gases associated with such subterranean formations, 

II. BACKGROUND 

A significant quantity of coalbed gas is physically bound (or sorbed) within 
,o coalbeds: This coalbed gas, which was formed during the. conversion of vegetable material 
into coal, consists primarily of methane. Because it is primarily methane, coal gas is 
commonly termed Coalbed methane. Typically, more than 95% of the coalbed methane is 
physically bound (adsorbed) onto the surface of the coalbed matrix. 

Coal may be characterized as having a dual porosity character, which consists of 
15 micropores and macropores. The micropore system is contained within the coal matrix. 
The micropores are thought to be impervious towater; however, the vast majority of 
coalbed methane contained by the coalbed is adsorbed onto the walls associated with the 
micropores. The macropores represent the cleats within the coal seam. Face and butt cleats 
are interspersed WoBghbut me coal matrix and form a fracture system within the coalbed. 
20 The face cleats are continuous and account for the majority of the coalbed's permeability. 
Butt cleats are generally orthogonal to the face cleats but are not continuous within the coal. 
On production, the coalbed matrix feeds the cleat system and the desorbed coalbed gas is 
subsequently removed from the coalbed at production wells. 

Several important problems limit the economic viability of coalbed methane 
is production, The first is the handling of produced water from water-saturated coalbeds. The 
handling of produced water can be a significant expense in coalbed methane recovery. In a 
typical water-saturated reservoir, water must first be depleted to some extent from the cleat 
system before significant coalbed methane production commences. Water handling 
involves both pumping and disposal costs. If the coalbed is significantly permeable and fed 
30 by an active aquifer, it may be impossible to dewater the coal and mduce gas production. 
Producuon of significant quantities of water from an active aquifer may be legally restricted 
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and may result in lawsuits from others who rely on the affected water supply. Disposal of 
the produced water can present several problems. The water may be discharged to the 
surface and allowed to evaporate. If sufficiently clean, the water may be used for 
agricultural purposes. Finally, the water may be reinjected into the coal. All of these 

5 disposal methods rpquire environmental permitting and are subject to legal restrictions. 
Many conventional eoalbed gas production systems only displace water in the vicinity of 
the production well which results in a short eoalbed gas production period which lasts only 
hours or a few days. One example is disclosed in US Patent No. 4,544,037. Gas production 
stops when the water returns to the eoalbed surrounding the production well. 

10 The second problem which limits the economic viability of eoalbed gas production 

is maintaining the appropriate removal rate of eoalbed gas as it is desorbed from the 
eoalbed. As the pressure in the immediate vicinity of the producer decreases, a quantity of 
gas desprbs from the coal aiid begins to fill the cleat system. If the water is excluded from 
the eoalbed surrounding eoalbed gas production wpll, and as g^s desorption continues, the 

15 gas phase becomes mobile and begins to flow to the low-pressured* producer. With the 

existence of a mobile gas phase, the pressure drawdown established at the production well is 
more efficiently propagate^ throughout the eoalbed. Gas more efficiently propagates a 
pressure wave compared to water because gas is significantly more compressible. As the 
pressure decline within the eoalbed continues, gas desorption, and therefore gas production, 

20 accelerates. 

•-' There is an important relationship between these two present production problems. 
The rate of gas diffusion from the coal can only be maximized by maintaining the lowest 
: possible production well pressure, however, excessively low pressures increase water 
production. Conventional production practices overcome the diffusion-limited desorption of 
25 methane from the coal matrix; by using such excessively low production well pressures, or 

do not set eoalbed gas removal rates as disclosed in U.S . patent 4,544,037, allowing rate- 
- controlling diffusion of eoalbed gas and water encroachment to limit the economic life of 
the eoalbed methane production well. . 

A related problem is eoalbed structure water permeability. Increased water 
30 permeability allows water that is displaced from a eoalbed to return more rapidly which 
results in increased water handling or a shorter economic lifespan of the eoalbed reservoir. 
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Conventional Reduction techniques do not effectively deal with the water permeability of 

the coalbed structure. 

Another conventional coalbed gas production problem is the contamination of the 
coalbed gasremoved from the coalbed with stimulation gas. As but one example, Amoco 

* production Co. (Amoco) has developed a method of increasing coalbed methane production 
by increasing the pressure difference between the coal matrix and the cleat system 

* (diffusional, partial-pressure driving force) (US patent 4,883,122). As that patent discloses, 
Amoco injects a„ inert stimulation gas (such as nitrogen) into an injection well. Nitrogen is 
less sorptive than coalbed methane and tends to remain in the cleat space. The injected ; 

,0 nitrogen drives the resulting gas mixture to one or more producing wells, where the mixture 
? is recovered at the surface; By the end of a ye^'s production, the product gas may contain 
approximately 20 volume percent nitrogen. The simulated production rate profiles resulting 
from a continuous nitrogen injection are shown in Figure 5. The point labeled P in Figure 5 
is the production rate immediately prior to application of the stimulation gas enhanced 
is method. As is evident, the increase in gas production due to nitrogen injection is immediate 
and substantial. Much of the dramatic increase in early^time gas production results from the 
reduction in partial pressure of methane in the cleat system. Part of the improved recovery 
results from me increase in reservoir pressure that results from the injection of nitrogen mto 
the coalbed: However, much of the production over the long term contains quantities of 
20 nitrogen which are substahtially higher than minimum standards for pipeline natural gas. 
Similarly, bmer^CBM memods which are designed to desorb gas by me 

* of gas into an injection well and recover gas mixtures at one or more producing wells have 
v high levels of contaminating stimulation gas in the coalbed gas removed at the production 

well. These techniques generally employ the use of CO, or CO r nitrogen mixtures as 
25 disclosed by U.S. patents 5,454,666 and 4,043,395; and as disclosed in an Alberta Research 

* Council (press release). CO, is more sorptive than methane and tends to be adsorbed by the 
coal matrix: Therefore, the response of methane at the producers is attenuated. However, as 
with the above mentioned methods, these ECBM methods produce coalbed gas with high 
levels of stimulation gas. Therefore, as with the other above mentioned methods a gas 

30 cleanup process is required. 

Another problem with injection Of stimulation gas into a separate well located a 
distance from the production well is the production of increased water. In fact, Amoco's 
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ECBM technique may increase overall water production because the increased quantity of 
coalbed gas that results from this injection-desorption process may tend to sweep additional 
quantities of water to the producer. 

Yet another problem with convention coalbed gas production is high cos Many of 
5 the above mentioned methods use stimulation gas at high pressure which requires the use of 
expensive, high-capacity, multistage gas compressors. Similarly, other methods also use 
high pressure as disclosed by U.S. patents 5,419,396; 5,417,286; and 5,494,108. High costs 
are also associated with the use of carbon dioxide gas as disclosed by U.S. patent 4,043,395, 
and in the continuous use of coalbed gases during coalbed gas production as disclosed by 
10 U.S. patents 4,883,122; 5,014,785; and 4,043,395, ... 

Each of these problems of conventional coalbed gas production are addressed by the 
instant invention disclosed. 

Ill; DISCLOSURE OF INVENTION: 

15 Accordingly, the broad goal of the instant invention to increase coalbed gas recovery 

by stimulation of the coalbed formation. The invention improves on the previously 
mentioned ECBM recovery techniques. The present invention comprises a variety of 
coalbed stimulation teel^ques which are applied to coalbed methane production wells. The 
techniques serve to displace and confine water, alter the permeability of coalbed fracture 

20 systems; establish optimal coalbed stimulation gas amounts and coalbed gas removal rates, 
and as a result operate to limit water production rates in water-saturated coalbeds and reduce 
stimulation gas content in produced coalbed gas. The methods are simple, economical and 
time efficient. Naturally, as a result of these several different and potentially independent 
aspects of the invention, the objects of the in vention are quite varied. 

25 Another of the broad objects of the invention is to provide a numerical simulator 

which simulates the flow of water and gas phases around wells which communicate with 
coalbed gas: Simulation of gas desorption and sorption between the coalbed and the cleat 
system arid the interrelated effects of pressure gradients, fluid viscosity, absolute: 
permeability and liquid-gas phase permeability allows prediction of coalbed gas production. 

30 This allows various aspects of the instant invention to be optimized which when used 
separately or in combination increase coalbed gas production. 
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Yet another object of the invention is to eliminate the necessity for separate coalbed 
gas stimulation injection wells and coalbed gas production wells. As mentioned above 
most conventional coalbed production practices use a separate stimulation injection well 
and a separate coalbed gas production well: This practice leads to a variety of problems, 
.5 with water handling and contamination of the coalbed gas produced. It is therefor desirable 
to establish a method which uses the production well for both stimulation gas injection and 
also for coalbed gas removal. - 

Another object of the invention is the convenient and effective water displacement 
or confinement of water which surrounds coalbed gas production wells. Water handling as 
, 0 mentioned above is both costly and inconvenient: An effective method of displacing water ; 
:-. from a large area of the coalbed surrounding the production welMnto the adjacent coalbed 
area would eliminate the necessity of handling at least a portion of that coalbed water. 

Another object of the invention is to establish a reduced water permeability of the 
coalbed so as to exclude at least ofportion of the displaced water. A reduced water 
,5 permeability coalbed prevents or s^ 

wells. From the point of commercializing production of coalbed gas, having less water in 
the coalbed gas reservoir translates into less water to handle and to dispose of, increased 
coalbed gas recovery, and coalbed bed gas with less water content. By eliminating the 
problems associated with coalbed water, production rates are increased and there is less 
20 cost per unit volume of production. 

An additional object of the invention is to produce clean coalbed gas from a _ 
: stimulated coalbed. Coalbed gas containing less than about four per cent per unit volume of 
coalbed gas does not have to be cleaned up before it is used. Glean coalbed gas, as a result, 
costs less to produce per unit volume than coalbed gas produced using conventional 
25 stimulation techniques. A predictable method of producing clean coalbed gas is therefor 
highly desirable. 

Another object of the invention is to calculate the rate at which coalbed gas should 
be removed from the coalbed or other subterranean formation. Desorption of coalbed gas 
from coalbed formations is a rate limiting step with regard to production. Desorption of 
30 coalbed gas is increased when the coalbed is stimulated and when the desorbed gas is 
removed. Optimal removal rates of coalbed gas from the production well establishes a 
desirable balance between a lowered pressure which induces continual desorption of 
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coalbed gas from the coal matrix and yet not so low as to draw previously displaced water 
back into the coalbed reservoir. 

Another object of the invention is to reduce the cost of coalbed gas production. 
Most conventional coalbed gas stimulation techniques utilize Continuous high pressure 
5 injection of stimulation gas during the production of coalbed gas. Additionally, many 
techniques utilize purified gas which necessitates fractionation of atmospheric-gas. This 
necessitates the long term use of expensive multistage gas compressors and fractionation 
equipment. Moreover, many techniques ah?o require separate injection wells and production 
wells and then subsequent purification of the produced coalbed gas. As such, these 
10 techniques may be prohibitively expensive to use.. The instant invention, eliminates many 
of these expensive features and steps allowing coalbed gas to b§ produced at a considerably 
lower cost: 

IV. BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a graph of typical coalbed production rates using; conventional recovery 
15 techniques. 

Figure d is a graph of typical sandstone production rates using conventional recovery 
techniques; 

Figure 3 is a drawing of a particular embodiment of the instant invention. ! 
Figure 4 is a graph of the relative ability of water and gas to flow as a function of the 
20 water saturation of a coalbed. 

Figure 5 is a graph of a simulated conventional production history of a coalbed 
continuously stimulated with nitrogen gas. 

Figure 6 is a depiction of the dual porosity structure of coal. 

Figure 7 is a particular embodiment of the pattern of a production well in relation to 
25 water confinement wells. 

Figure 8 is a graph which compares the coalbed gas production from an 
unstimulated coalbed and a stimulated coalbed gas using a particular embodiment of this 
invention with nitrogen. 

Figure 9 is a graph which compares the coalbed gas production from a stimulated 
30 boalbed using the instant invention which was previously produced by conventional 
unstimulated coalbed methods. 
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V. BEST MODE(S) FOR CARRYING OUT THE INVENTION 

As can be easily understood, the basic concepts of the present invenuonrnay be 
embodied in a variety of ways. It involves both treatment techniques as well as devices to 
accomplish the appropriate treatment. In this application, the treatment techniques are 
5 disclosed as part of the results shown to be achieved by the various devices described and as 
steps which are inherent to utilization. They are simply the natural result of utilizing the 
devices as intended and described. In addition, while some devices are disclpsed, it would 
be understood that these not only accomplish certain methods but also can be varied in a 
num ber ;0 f ways. Importantly, as to allof the foregoing, all of these facets should be .. 
,o understood to be encompassed by this disclosure. -. , ; '■: 

Figures 1 and 2 are generally representative of conventional gas production profiles 
for typical coalbed and sandstone formations. Production from the coalbed formation 
(Figure 1) is characterized by an initial period of high water prcduction and low gas 
production. The gas production rate increases with ^ me partial depletion of water and the 
15 lowering of pressure in the coalbed. As described earlier, the lowering of pressure results m 
the desorption of coalbed methane from the coal matrix. The gas rate falls off in the later 
stages of production. This decline in production results from at least two factors: (1) a 
depletion of sorbed methane from the coal and (2) a rate-controlling diffusion of gas from 
the coal that is related to the difference in pressure between the coal matrix and the cleat ; 

20 system. ■ : - : ; v , ■ ,s • ■ v y :: -- ■ ' - 

In comparison, the gas production from a sandstone formation is often related only 

to reservoir pressure (Figure 2). The gas is contamed wimin me sandstone's p^^^ 

Gas production is highest initially because reservoir pressure and gas content ^ 

nraximum. Production rate declines as gas content and, therefore, reservoir pressure 

* declines. Water rate increases as pressure declines, either because of water encroachment or 

because of an increase in the permeability to water as the pore space collapses as shown m 

Figure 4. .-. ,. .. ■ : ■• • • ;V- :• - 

The production of coalbed methane from a water-saturated coal resource with the 

instant invention may involve displacing water surrounding the production well or wells 

30 without disrupting the coalbed structure or confinement of the displaced water so that it 

does not encroach upon the dewatered coalbed gas reservoir during coalbed gas products. 
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This can be subsequently followed by the following three steps: (1) production of gas and 
lowering of pressure in the immediate vicinity of the wellbore; (2) the desorption of coalbed 
methane from the coal matrix into the cleats due to the pressure reduction; and (3) the 
accelerated production of mobile coalbed methane gas from the coalbed as the radius of 
5 influence of the pressure drawdown increases throughout the coalbed. The present 
invention operates to improve the efficiency of all these production steps and production 
mechanisms. 

As depicted in Figure 3, Tfie present invention stimulates a producer by inj ectirig an 
appropriate quantity or amount of coalbed stimulation gas (i ) into at least one production 

10 well (2) This is accomplished by using a compressor or other stimulation gas transfer ! 
element (3) perhaps joined to the annular region production well by a gas plenum having , 
control valves or other production well coupling element (4) responsive to both the 
stimulation gas transfer element and the production Well. The injected stimulation gas 
flows into the coalbed (5) in the vicinity of the production well. Conceivably, any gas can 

15 be used, but the most preferable is a gas that is less sbrptive than iriethane, such as nitrogen 
but may also be carbon dioxide. The optimum injection gds may be air because it's free and 
is 80% nitrogen. Water (6) which is associated with the coalbed or a part of the coalbed 
surrounding the production well has a hydrostatic pressure: The coalbed stimulation gas (1) 
can be delivered to the coalbed at a pressure greater than that of the hydrostatic pressure of 

20 the water and the water is displaced a distance from the well. With continued injection, a 
region of gas saturation is established at an extended distance into the coalbed thereby 
establishing a water displacement perimeter (7). This operation effectively partially de- 
waters the coalbed without producing water to the surface. Optimally- the pressure is not 
substantially larger than the hydrostatic pressure of the water so as not to disrupt the coalbed 

25 structure. One or more water confinement wells (8) may be established a distance from the 
production well or at the water displacement perimeter or at the production well drainage 
radius to remove water encroaching upon the production well. Removal of water may be 
accomplished by use of a pump or other water transfer element (9) coupled to the 
confinement well through a variety of water confinement coupling elements (10). At least 

30 water is removed from the confinement wells although gats may also be rembved from the 
stimulated coalbed reservoir from the confinement well as necessary to assist the production 
well in removal of coalbed gas from the coalbed gas reservoir at the required removal rate 

8 
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through various coupling elements (7): The area swept by the injected coalbed stimulation 
gas by this method may be significantly greater than the radius of pressure drawdown that 
results from initially dc-watering a well by conventional production methods. Assuming the 
injected gas is composed substantially of nitrogen, the coalbed's cleat system is initially 
5 occupied by a gas that contains Utile methane (15). - ^ 

At the time the injection of coalbed stimulation gas ceases and the production well 1S 
about to be placed onproductioh by Bering its pressure any of the following conditions, 
have been created by the rii^a-l^'ebittlM'^ «>^^ I CM> imp««v»«-._ . 

production rate at the production well and reduce the water production rate at the production 
,o well compared to conventional production methods. First, at least a partial saturation of 
coalbed stimulation gas has been established at an extended distance into the coalbed. As a 
result me partiai ^re driving force for doalb^metoahe desorptkm is high. This . .. , 
saturation will also serve as an efficient medium for transferring through the cleat system, or 
drawdown the reduction in pressure of water. This drawdown may be accomplished by a 
15 pump or water removal element (12 ) coupled to the production well with any of a variety of 
production well coupling elements (13) that results from smnrltaneou^ 

Second; the watbr saturation has-been decreased, which reduces its ability to flow to 
the producer. The ability of water to flow (water permeability of the coalbed),as a function 
20 of water saturation is conceptually depicted in Figure 4. In a gas-water system, permeabrhty 

to water drops as the rwater saturation decreases, The ability of a well to produce wa ter is 
" directly proportional W m^ 

qw = PI x Krw x AP, where 

qw = water production rate from a producer; 

25 pi = productivity index Of the well; 

Krw = relative permeability to water; and -h 

AP = difference in pressure between producing well and adjacent coalbed. 

Conversely, because of the increased gas saturation, the permeability to gas, and therefore 
its production rate, will be increased. 



9 



WO 00/79099 PCT/US00/17411 
Third, the coalbed stimulation gas injected into the cleat system will initially 
promote a reduced methane content (i.e. r concentration) in the cleats, which will increase 
the desorption rate of methane from the coal matrix to the coal's cleat system by the method 
of partial pressure reduction. The dual porosity structure in coal is depicted in simple form 
5 in Figure 6. Recall that the cleat system is drained by the producing wells, and notice that 
the cleat system surrounds the coal matrix. The relative locations where the partial 
pressures of coalbed methane are calculated in the cleats and the coal matrix are also shown 
in Figure 6. During the injection phase of this invention, coalbed stimulation gas replaces 
a pportion of the water as part of the displacement process. Initially, the gas in the cleat 
i o system will contain a low-volume fraction of methane a low partial 

pressure of methane. Tlie ideali?^ relationship that equates partial pressure of coalbed 
methane in thecleats to local cleat pressure and voluine fraction of coalbed methane is 
shown by the following equation: 

• Pch 4 = Pcleat x Vch 4 , where 
15 Pghv ^ partial pressure of coalbed methane in 

Pcleat = Absolute pressure in the cleat at a particular spatial location; and 
Vcfti, > - Volume fraction of coalbed methane in the cleat measured at the same 
location as Pgi^at 

A conceptual relationship that relates the gas desorption rate from the coal matrix to the 
20 cleats as a function of their respective partial pressures is shown by the following equation: 

Qdsorb = K x (Pcoal - Pch 4 ) where 

Qdsorb = Rate of coalbed methane desorption from coal matrix to the cleat system; 
K = A group of terms assumed to be constant for this example; 
Pcoal = Partial pressure of coalbed methane adsorbed onto the surface of the coal 
25 matrix at a particular spatial location; and 

Pch 4 = Partial pressure of coalbed methane existing in the cleats measured at the 
same location as Pcoal 
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The above mentioned relationships will show a close dependence between rate of 

pressure driving force. All of the above-mentioned factors should -increase the coalbed 
methane production rate and decrease the water production rate. More complex . 
, relationships are possible and may require the use of a numerical simulator such as 
WRICBM model entitled development Of A PortableData Acquisition System And 
Coalbed Methane Simulator, Part 2: Development Of A Coalbed Methane Simulator" which 
is attached to this application and hereby incorporated by reference, ; The equations defined 
widnnWRICBM are time dependent, interrelated (coupled) and nomlmer in n^ ... 
0 WPJCBM uses an it^erative, simultaneous method to solve the equations for each discrete 
v^iume element or coalbed characterise; of a ^ ^ 
simplified description of the WRlCBMs formulation;^ 

■ WRICBM models a dual-porosity formation in which a stationary, non-porous, non- 
permeable matrix communicates with a porous, permeable matrix. The stationary matrix 
I5 represents the coal. The permeable matrix represent* the coalbed^s cleat (f«cture> system. 
Water and gases only flow within the permeable matrix. Gases exchange between the 
stationary and matrix elements, This feature simulates gas desorption/sorption between the 
coalbed's coal and cleat systems. The movement of gases and water phases within the 
permeable matrix are described by the generally accepted ^ multi-phase modificatmn of^ . 
20 Darcy flow, therefore, the transport of thefluids are : subject to the effects of pressure 

gradients for each phase, fluid viscosity, absolute permeability, and hquid-gas phase re^ 
^permeability. The rate and quantity of ga^ 
permeable matrix.ystems.can optionally be determined by equilibrium controlled, pseudo- 
unsteady state controlled, and fully unsteady state controlled transport mechamsms. 
25 Equilibrium transport assumes .that the pressure in the coal is the same as the pressure m the 
local fracturesystem. Thus, there is no time delay for gas sorbing or desorbing wrth respect 
to the coal. The pseudo-unsteady state transport assumes an average concentration of gas 
sorbed within the coal and a diffusional time delay for sorbed gas movement within the 
coal Fully unsteady state transport assumes a concentration gradient of sorbed gas witmn 
30 the coal element with a diffusional delay for sorbed gas movement within the coal. Forthe 
unsteady state methods, the sorbed gas concentration at the surfaces of each coal element 
functions of the local partial pressures at the cleat matrix. Partial pressure is the product 
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of the reservoir pressure and the individual mole fraction of each gas species present. The 
multi-component, Extended Langmuir relationship relates the quantity of individual gas 
component sorted to respective gas partial pressure. 

The following set of equations are solved simultaneously within WRICBM at each 
discrete timestep for each differential element of coalbed: 

1. Material balance for water - 

2. Material balance for each gas component present in the stationary-matrix,, 
permeable-matrix system 

As stated previously; Darcy flow describes the transport of material with respect to each 
differential element's permeable matrix. The quantity of gas desorbed/sorbed for eac^> 
component is represented in the respective gas material balance equation by a source term. 
The rate of gas desoiption^drption is dependent on the local partial pressure for each 
permeable matrix's differential element and the corresponding sorbed concentration of each 
gas component; - 

WRICBM calculates the flow of water and g^ 
way. The calculation uses viscosity for the phases, differential pressure between each 
phase's matrix pressure and the wellbore, and a productivity index that accounts for the 
radical nature of the well's drainage. Source terms couple the well equations to the 
individual material balance equations. 

As a result the invention has many embodiments and may be implemented in— / 
different ways to optimize the production of coalbed methane. The option selected will 
depend on the determined characteristics of the coalbed reservoir and the conditions at the 
production well, this model m^y be invaluable in utilizing the disclosed absorption and 
desorption rate calculation elements, water displacement rate calculation elements, 
stimulation gas amount calculation elements, coalbed gas removal calculation elements* 
and reduced permeability gas pressure calculation elements, although calculation elements 
may used manually of otherwise; Optimizing tins process may require a knowledge of 
reservoir engineering and the use of a coalbed methane simulator. 

One embodiment of the invention uses a production wel l (12) to both deliver 
stimulation gas (1) to the coaibed gas reservoir arid for the removal of coalbed gas (14) from 
the coalbed gas reservoir (11). As mentioned above this approach is different than most 
conventional coalbed gas production techniques which use a separate gas stimulation well 
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and a separate coalbed gas production well. Using the production well for both purposes . 
eliminates many of the problems associated with conventional production methods which 
include excessive water production at the coalbed gas production well, contamination of the 
produced coalbed gas with excessive amounts of stimulation gas and the unintended 
5 a i tera tion of the coalbed structure to mention a few. With regard to the instant invention, 
the gas may be injected into the coalbed for a brief period of time through the production 
well and the amount of stimulation gas may be limited, The producer may be subsequently 
placed back on production, and a dramatic increase in coalbed methane recovery and 
reduction in wafer producHoh results. This approach may be applied to cpalbeds that are 
10 either substantially dry with little or no mobile water saturation or applied to coalbeds.that 
.;• have a portion or all of the coalbed saturated with water (6). In the former case, the increase 
in production would riot significantly involve chahges m permeability to the water or gas 
phases but will involve Resorption of gas from the coal matrix and possibly the immobile 
water. In the later case, the water m the coalbed may be displaced from a large area 
is surrounding the production well by the delivery of the stimulation gas to the production 
well: The de-watered coalbed ga^ reservoir volume may define a water displacement 
perimeter (7). This invention or approach may require the use of surrounding producers or 
water confinement wells (8) in addition to the stimulated well (or wells). During production 
of the stimulated wells, these additional producers can ; limit me encroacrmient of water; that 
20 has been displaced from the coalbed by the gas injection procedure. Used in the ways 
described above, these surrounding wells may be regarded as conventional, unstimulated 
■ producers or as Water confinement wells that act as barriers between the stimulated coalbed 
region and the surrounding aquifer. In a particular application of the embodiment and ; as 
shown in Figure 7, the production well maybe located at the centroid of a tract of land 
25 having an area of between approximately 40 and 320 acres, "The tract of land may optimally 
>. have a substantially square perimeter but this may not necessarily be the case. Water 

confinement wells may be located approximately at the comers of the substantially square 
- perimeter to remove Water encroaching upon the de-Watered coalbed surrounding the 
production well. The coalbed may be stimulated by injecting coalbed stimulation gas 
30 through the production well for a brief period of eight to twelve days with an amount of 
coalbed stimulation gas to sweep a substantial portion of the dewatercd coalbed reservoir. 
The injection of coalbed stimulation gas may be terminated and the same well may be used 
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for removal of coalbed gas and possibly water at a rate which lowers the coalbed pressure in 
the coalbed and which is optimally never less than the rate at which the coalbed gas is 
desorbed from the coalbed. A number of adjacent tracts of land may be produced 
simultaneously by this method as yet another application of this same embodiment. This 
5 method may also be used on virgin or previously produced coalbed gas reservoirs. 

A second embodiment of this invention is to decrease the water permeability of the 
coalbed formation. As mention above and as shown in Figure 4 increased >vater contained 
in a coalbed allows increased flow of water to the coalbed. Permeability^ as mentioned 
above, is also a characteristic of coalbeds that have had the coalbed structure altered by 
io some conventional high pressure injection techniques. The instant invention assesses the 
hydrostatic pressure of water associated with the coalbed surrounding a production well. 
Subsequently, a coalbed stimulation gas havmg a pressure gre^ 

pressure but with a pressure calculated to avoid altering the structure of the coalbed is 
injected into the production welh A reduced water permeability calculation element may be 

1 5 used to assist in these calculations. The pressure of the injected coalbed stimulation gas 
limited to a pressure not substantially greater than the hydrostatic pressure displaces at least 
a portion of the water in the coalbed without altering the coalbed structure. The de-watered 
coalbed having the same structure may be a reduced water permeability. To the extent that 
the reduced water penneability excludes water from th^ coalbed reservoir the economic life 

20 of the coalbed is extended, a reduced volume of water has to be removed by water 

confinement wells, and the coalbed gas produced may contain less water. In fact, overall 
water production should be lower than with any production scheme (ECBM or otherwise) 
because of the displacement of water from the coal and the reduced permeability to water. 
Water handling costs should be lower as well, particularly relative to the quantities of 

25 coalbed methane produced. Naturally, this technique could be used in applications other 
than the production of coalbed gas where water permeability of the subterranean formation 
is important: 

Aribther embodiment of this invention comprises maintaining increased desorption 
of coalbed gases from the surface of the organic matrix of subterranean formation or 
30 coalbed. The production of coalbed gas from a de-watered coalbed can involve: (1) 

production of gas and lowering of pressure in the immediate vicinity of the wellbore; (2) the 
desorption of coalbed methane from the coal matrix into the cleats due to the pressure 
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reduction; and (3) the accelerated production of mobile coalbed methane gas from the 
coalbed as the radius of influence of the pressure drawdown increases throughout the 
coalbed These may be are optimized when the coalbed gas Resorption rate is known and 
the removal rate of coalbed gas from the coalbed is never less than the desorption rate from 
5 the surface ofthe organic matrixofthe coalbed or subterranean formation. However, 

withdrawal rates must not be so great as to lower the pressure of the formation so as to draw 
water into the coalbed. One aspect of this invention is therefore, a method of estimating the 
desorption rate of the coalbed gas from the coalbed by calculating a coalbed gas desorption 
rate at which the coalbed gas desorbs from the coalbed. Producing the estimate may. involve 
,0 the use of a desorption rate calculation elements in the model. Based on this estimate, a gas 
removal rate is determined which is optimally never less than the calculated coalbed gas 
desomtionrate. ^ 

removal rate calculation element Subsequently, the coalbed gas is removed from the 
production well at the calculated I coalbed gas removal rate. Since this removal rate may be 
15 calculated to be a value not substantially greater than the desorption rate the coalbed may 
have a pressure which induces the least amount of water to be drawn into the coalbed. The 
water confinement wells may also be used to assist in the removal of coalbed gas to 
maintain or establish a reduced coalbed gas reservoir pressure within the region of , ; 

stimulated production wells. 
20 In an additional embodiment of the invention, an appropriate amount of coalbed ,,; 

stimulation gas to be used based upon determined characteristics ofthe coalbed: One.such 
- characteristic may be sorbed coal gas volume although other characteristics could be 
- determined and additionally the characteristics may be interdependent on one another. 

Simulations may have to be run to weigh these characteristics to estimate the stimulation 
15 gas having an appropriate amount to stimulate the coalbed reservoir. Because the amount of 
., stimulation gas estimated is the minimum amount to stimulate the coalbed gas reservoir, 

coalbed gas removed from the production well may not require cleanup for pipeline use. In 
. .. simulations of the present method with nitrogen, the nitrogen content of the initially , 

produced gas may be less than ten Volume percent and optimally less than four volume per 
30 cent, under stable stabilized coalbed gas removal conditions, and the percentage may 

decrease with time. The clean coalbed gas having low levels of contamination by nitrogen, 
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results from the limited quantities of stimulation gas injected and its dilution from the large 
quantities of the coalbed methane gas mixture produced after stimulation. 

In yet another embodiment of the invention, the stimulation of a producer may be 
accomplished by mechanical or chemical alteration of the coal and coalbed's physical 
5 structure. These stimulation methods employ high pressure coalbed stimulation gas, acid 
treatments or other coalbed alteration elements to induce fracturing and creation of cavities 
(cavitation). These forms of stjjniulation either extend the well's drainage radius by 
improving the coal's absolute permeability or increase the well's productivity index. Thus, 
the mechanical and chemical techniques stimulate wells differently than the present 
10 invention aiid should be considered as a separate and distinct method of enhancing 
production, Howeyer, it may be possible to achieve a further increase in production by 
applying the present invention in addition to a mechanical or chemical stimulation. In any 
case v a limited degree of fracturing may occur in the immediate vicinity of the well bore 
when the present invention is applied to a soft coal. This minor degree of fracturing is 
15 probably an unavoidably consequence of injecting air into the pressurized coalbed. 

In another embodiment of the invention, several adj acent producers within a field 
may be stimulated simultaneously. This technique would de-water a large portion of the 
reservoir before the commencement of production. The period of gas injection could be 
increased at a central well or to establish gas saturation at surrounding producers. This 
20 technique may de-water a large region of the coalbed using a single well. A single well 
within a pattern could be stimulated for a limited period before being placed on production 
In this ease, the outer wells could serve as barriers to prevent water encroachment and to 
further reduce the overall pressure in the reservoir. Finally, a central region of the reservoir 
comprising several wells can be de-watered by gas injection, and a surrounding pattern of 
25 unstimulated producers can be used to prevent water encroachment into the dewatered area. 
In yet another embodiment, the stimulation technique may be repeated on a 
particular well (or wells). The technique may also be used on wells that were previously 
produced by conventional means and are therefore partially de-watered. The increase in 
recovery may not be as dramatic as its application to a virgin reservoir, but it may be 
30 significant. 

In many of the above mentioned embodiments the stimulation compression costs are 
significantly reduced. This invention does not always employ high injection pressures. In 
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frj.it is most efficiently operated by maintaining the lowest possible pmcessmg and 
reservoir pressures. It is only necessary to moderately exceed the prevailing hydrostatic 
gradient. In addition, the gas injection (or stimulation cycle) is only performed for a bnef 
period In comparison, a typical ECBM procedure requires continuous or almost continuous 
5 -injection at high injection pressures and gas rates to drive the gas mixture to the produce, 

Lastly, this invention may be applied to any reservoir material or subterranean 
Vfo^ation whose gas is physically held (sOrbed) onto the surface of an organic matrix and 
can be released by a reduction in pressure. In this manner water associated with a portion of 
the coalbed is displaced away from the coalbed. 

The following examples of both, apparatus^ methods for coalbed gas reservoir 
simulation are representative and do not limit the possible scenarios and variations of using 
this invention. A stimulation gas is applied to a production well located within a five-spot 
repeated pattern of producers on 320-acre spadngs as shown in Figure 7 . Thecoalbedis 
,5 fully water-^^ The permeability of the 

COaibed is 1 Darcy, and its depth is 700 ft. A stimulation of the coalbed reservoir is 
perfbimed by injecting 60 thousand standard cubic feet per day for 10 days, Theproducer is 
subsequently plaeed o„ production fbt the re^ 
■ methane production as a function of time is shown inFigure 8. Also shown in Figure 8 is 
20 the cumulative coalbed methane production that results from a conventional gas depletion 
• -procedure, ^ stimulated well yields 

« compared to the conventionally produced well. The gas: water ratios for the stimulated aud 
^ unstimulated wells were 3.9 and 0.12 msef/bbl, respectively. The maximum nitrogen 

content in the stimmatedproduOer's product gas Was 3.0 volume percent. This example 
2S demonstmtes the dramatic increases in coalbed gas production that are possible with th is 
invention. It is also illustrative of the potential commercial benefit that can be derived from 
; ■ the production of clean cOalbed gas that does not require any further cleanup prior to 
introduction into a gas supply pipeline. 

As a second example, a stimulation was performed on a well that was previously on 
30 production by a conventional depletion method for one year. The reservoir descriptkm and 
production well pattern are the same as fOr the first example. A 1 0-day stimulation was 
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performed as before. The cumulative production history for the stimulated well and the 
well that is continuing to be produced on primary are compared for the second year of 
production as shown in Figure 9. The stimulated well produced 40 volume percent more 
coalbed methane. The gas: water ratios for the stimulated and unstimulated procedures 
5 were 8,7 and 6.1 mscf/bbl , respectively. The maximum nitrogen content in the stimulated 
producer's product gas was less than 5.0 volume percent. This example demonstrates that a 
substantial increase in coalbed methane production is possible when the technique is applied 
to a well that is already under production. 

It should be understood that the apparatuses and methods of the embodiments of the 

10 present invention and many of its attendant advantages will be understood from the 

foregoing description and it will be apparent that various changes may be made in the form, 
construction arid arrangement of the parts thereof without departing from the spirit and 
scope of the invention or sacrificing all of its material advantages, the form hereinbefore 
described being merely a preferred or exemplary embodiment thereof. 

is Particularly, it should be understood that as the disclosure relates to elements of the 

invention^ the words for each element may be expressed by equivalent apparatus terms or 
method terms-even if only the function or result is the same. Such equivalent, broader, or 
even more generic terms should be considered to be encompassed in the, description of each 
element or action. Such terms can be substituted where desired to make explicit the 

20 implicitly broad coverage to which this; invention is entitled. As but one example, it should 
be understood that all action may be expressed as a means for taking that action or as an 
element which causes that action. Similarly, each physical element disclosed should be 
understood to encompass a disclosure of the action which that physical element facilitates. 
Regarding this last aspect, and as but one example the disclosure of a "stimulated coalbed 

25 reservoir" should be understood to encompass disclosure of the act of "stimulating a 
coalbed reservoir'-whether explicitly discussed or not-and, conversely, were there only 
disclosure of the act of "stimulating a coalbed reservoir", such a disclosure should be 
understood to encompass disclosure of a "stimulated coalbed reservoir". Such changes and 
alternative terms are to be understood to be explicitly included in the description. 

30 Additionally, the various combinations and permutations of all elements or applications can 
be created and presented. As to the claims' use of the term "comprise" or variations such 
as "comprises" or "comprising", unless the context otherwise requires, these terms are 
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intended to imply the inclusion of a stated element or step or group of elements of steps but 
not the exclusion of any other element or step or group of elements or steps. Such terms 
should be interpreted in their most expansive form so as to afford the applicant the broadest 
coverage legally permissible in countries such as Australia and the like. 

Any references mentioned, including but not limited to the references in the 
applicatipn to a "Development Of A Portable Data Acquisition System And Coalbed 
Methane Simulator, Part 2: Development Of A Coalbed JvIeuiahe Simulator'\are hereby 
incorporated by reference or should be considered as additional text or as an additional 
exhibits or attachments to this plication to the extern pettriitted; however, to the extent 
10 statements might be considered mSbhsisteht ^tth the patenting of thisAhese invention(s) 
such statements are expressly not to be considered as made by the applicant. Further, the 
disclosure should be understood to include support for each feature, component, and step 
shown as separate and independent inventions as well asihe vario^ combinations and 
pennutations of each. 
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VI. CLAIMS 

1. An apparatus for coalbed gas production, comprising: 

a. a coalbed; 

b. coalbed gas sorbed to coal in said coalbed; 

5 c. water associated with at least a part of said coalbed; 

d. at least one production well which communicates with Said coaljbed gas; 
ei - v a coalbed stimulation gas;. 

f. a stimulation gas transfer element; 

g. . a production jvelj coupling element responsive to said stimulation gas 

10 transfer element which ^ gas to said coalbed within 

th^yicinity of said at least one production well; 
h - a w ^ ter displacement perimeter surrounding said at least one production well; 
i. a stimulated coalbed gas reservoir; 

j. at least one water confinement well communicating with said coalbed located 
15 distance from said at least one production well; 

k. at least one water transfer element; 

I. at water confinement well coupling element responsive to said water transfer 
element and to said at least one water confinement well; 

m. coalbed gas desorbed into said stimulated coalbed gas reservoir; 
2 0 n. at least one coalbed gas removal element; 

o. at least one coalbed gas removal element coupler responsive to said at least 
one coalbed gas removal element and said production well; and 

p. at least coalbed gas removed from said stimulated coalbed reservoir through 
said at least one production well. 

25 2. An apparatus for coalbed gas production as described in claim 1 , wherein said water 
associated with at least a part of said coalbed has a hydrostatic pressure and wherein 
said coalbed stimulation gas has a pressure greater than said hydrostatic pressure 
which displaces said water. 
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3. An apparatus^ coated gas prodbcHbh Is described in claim 2, wherein said 

coa lbed stimulation gas has a water displacement pressure not substantially larger 
than said hydrostatic pressure. 



4. 



An apparatus for coalbed gas production as described in claim 3, wherein said at 
5 least one water confinement well removes at least a portion of^aid displaced water 

encroaching upon said at least one production well. 

5. An apparatus for coaibed gas pinductidnas described in cliw4-wli&tm>&id at 
least one water confinement well has* a location on about said water displacement 
perimeter surrounding said production well. * :1 • ' :< 

l0 6. An apparatus for coalbed gas production as described in claim 4, wherein said at 

least one production Well has a location at about a fcentfoid of an approximately 40 to 
320 acife tract of lahd. 

7 . An apparatus for coalbed gas production as described in claim 6, wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter, 
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An apparatus for coalbed gas production as described 

approximately 40 to 320 acre tract of land having a substantially, square perimeter is 
adjacent to a another approximately 40 to : 320 aere tract of land ha^ga , 
substantially square perimeter having a production well.; 

An apparatus for coalbed gas production as described in claim 6, wherein said at 
least one water confinement well has a location at the extent, of said approximately 
40 to 320 abre tract of land. - . 

An apparatus for coalbed gas production as described in claim 4, wherein said at 
least one production well former Comprising a drainage radius and said at least one 
confinement well has a location at about a boundary of said drainage radius. 
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11. An apparatus for coalbed gas production as described in claim 4, wherein said 
stimulated coalbed gas reservoir has determined characteristics used to calculate an 
appropriate amount of coalbed stimulation gas to stimulate said coalbed gas 
reservoir having said determined characteristics so as to produce coalbed gas 

5 containing less than four percent stimulation gas per unit volume under stabilized 

coalbed gas removal conditions. 

12. An apparatus for coalbed gas production as described in claim 4, wherein said 
coalbed stimulation gas is mi amount appropriate to stimulate said coalbed gas 

: reservoir having said deteimined characteristics so as to produce coalbed gas 
i o containing less than ten percent stimulation gas per unit vplume under stabilized 

coalbed gas removal conditions. 

13: An apparatus for c^^bed gas production as described in claim 1 1, wherein said 

coalbed stimulation gas transfer element delivers said coalbed stimulation gas to said 
coalbed in a vicinity of said at least one production well for a duration of about eight 
15 to thirty days. 

14. An apparatus for coalbed gas production as described in claim 1 1 , further 
comprismg a calculated c^ rate at which said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has an 
calculated average coalbed gas removal rate which is never less than said calculated 

20 coalbed gas desorption rate. 

15. An apparatus for coalbed gas production as described in claim 14, further 
comprising at least one coalbed gas removal element fluidically coupled to said at 
least one confinement well which assists said at least one coalbed gas removal 
element to remove coalbed gas at said calculated coalbed gas removal rate. 

25 1 6. An apparatus for coalbed gas production as described in claim 15, wherein said 

coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
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said coalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

17. An apparatus for coalbed gas production as described in claim 1 6, further 
comprising a coalbed structure alteration element which acts after a portion of said 

5 coalbed gas is removed from said stimulated coalbed reservoir. 

1 8. An apparatus for coalbed gas production as described in claims 1, 3, 4, 11, 14, 16, 
wherein said coalbed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air or a gas less sorptive to coal than methane. 

19. An apparatus for coalbed gas production as described in claim 18, wherein said 
10 coalbed has previously had coalbed gas removed prior to delivery of said coalbed 

stimulation gas to said coalbed. 

20. A method of producing coalbed gas; which comprises the steps of: 

a. locating a coalbed having coalbed gas sorbed to coal; 

b. establishing at least one production well communicating with said coalbed; 
, 5 c establishing at least one water confinemeM well communicating with said 

coalbed at a distance from said at least one production well;; 

d. injecting a coalbed stimulation gas to said coalbed through said production 

• ? ; well;- ■ ■• 

e. displacing water in said coalbed surrounding said production well with said 

20 coalbed stimulation gas; 

f. establishing a water displacement perimeter surrounding said atleastorie 
production well; 

g. stimulating said coalbed within said water displacement perimeter with said 
stimulation gas; 

25 h. desorbing said coalbed gas sorbed to said coalbed; and 

i , confining said water displaced from said coalbed surrounding said at least 
one production well; and 
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J removing at least said desorbed coalbed gas from said coalbed through said 
at least one production well. 



21 . A method of producing coalbed gas as described in claim 20, wherein said steps a to 
j occur in that order. 

5 , 

22. A method of producing coalbed gas as described in claim 21 , wherein said steps g, h, 
i and j occur about simultaneously, 

23. A method of producing coalbed gas as described in claim 20, wherein said step of 
displacing water in said coalbed surrounding said production well with said coalbed 

io stimulation gas comprises using coalbed stimulation gas having a water 

■ i . - ■ displacement pressure not substantially larger than said hydrostatic pressure 

24. A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing said at least one water confinement well communicating with said 
coalbed at a distance from said at least one production well. 

J5 25. A method of producing coalbed gas as described in claim 23, wherein said step of ; 
establishing said at least one water confinement well communicating with said 
coalbed at a distance from said at least one production well comprises locating said 
at least one water confinement well at a boundary of a production well drainage 
radius for said at least one production well. 

20 26, A method of producing coalbed gas as described in claim 23, wherein said step of 
establishing at least one production well comprises locating said at least one 
production well at about a centroid of an approximately 40 to 320 acre tract of land. 

27. A method of producing coalbed gas as described in claim 25, wherein said 
establishing Said at least one production well at about said centroid of said 
25 approximately 320 acres comprises establishing a substantially square perimeter and 



24 



10 



PCT/US00/17411 

WO 00/79099 

establishing said at least one water confinement wells at each comer of said 
substantially square perimeter. 

28. A method of producing coalbed gas as described in claim 24, which further 
comprises the steps of : 

a. determining a characteristic of said stimulated coalbed; and 

b. calculating an appropriate amount of coalbed stimulation gas so as to 
produce coalbed gas containing less than about four percent stimulation gas 
per unit volume under stabilized coalbed gas removal conditions; 

29. A method of producing coalbed gas as described in claim 28, wherein said step of 
calculating an appropriate amount of coalbed stimulation gas comprises calculating 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stimulation gas per unit volume under stabilized coalbed gas 

• removal conditions. 

30. A method of producing coalbed gas as described in claim 28, wherein said step of 
calculating an Appropriate amount of coalbed stimulation gas comprises calculating 
said appropriate amount of coalbed stimulation gas to produce coalbed gas with less 
than about ten per cent stimulation gas per unit volume under stabilized coalbed gas 
removal conditions. 

31. A method of producing coalbed gas as described in claim 28, further comprising a 
calculated coalbed gas desorption rate at which said coalbed gas desorbs from said 
coal and wherdn said coalbed gas removal element has a calculated average coalbed 
gas removal rate which is never less than said calculated coalbed gas desorption rate. 

32. A method of producing coalbed gas as described in claim 31,- which further 
comprises the steps of: 

25 a,' injecting a gas into said coalbed through said production well having an 

injection gas pressure sufficient to reduce the water permeability of said 
coalbed; 
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b. displacing said water from at least a portion of said coaibed without 
substantially altering said coaibed structure; 

c. reducing the water permeability of said coaibed; 

d. excluding at least a portion of said water from entering to said reduced 
5 permeability coaibed. 

33. A method of producing coaibed gas as described in claim 32, which further 
comprises the steps of injecting a gas into said cpalb^ through s^ 
having an injection gas pressure sufficient to cavitate said coaibed. 

34. A method of producing coaibed gas as described in claim 20, which further 
10 comprises repeating steps a through j on the same production well. 



35, 



36. 
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A method of producing coalbecl gas as de$Qribed in claims 20, 22, 23, 28, 30, or 32, 
wherein said coaibed stimulation gas is selected from a group consisting of nitrogen, 
carbon dioxide, air or a gas less sorptive to coal than methane. 



A coaibed gas produced in accordance with the method of claims 20, 22, 23, 28, 30, 

15 ,-, or 32. . 



37. An apparatus for coaibed gas production, comprising: 

a. a coaibed; 

b. coaibed gas sorbed to coal in said coaibed; 
at least one production well which communicates with said coaibed gas; 
a coaibed gas reservoir having determined characteristics; 
a coaibed stimulation gas of having an amount appropriate to said 
determined characteristics of said coaibed gas reservoir; 

f. a coaibed stimulation gas transfer element; 

g- a production well coupling element responsive to said stimulation gas 
transfer element which delivers said stimulation gas to said coaibed in a 
vicinity of said at least one production well; 
h. desorbed coaibed gas from said coal in said coaibed gas reservoir; 



c. 

20 d. 

e. 
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i. a coalbed gas removal element; and 
j, at least clean coalbed gas. 

38. An apparatus for coalbed gas production as described in. claim 37, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 

5 reservo ir having said determined characteristics so as to produce coalbed gas 

containing less than about four percent Stimulation gas per unit volume under 
Stabilized coalbed gas removal conditions. 

39. An apparatus for coalbed gas production as described in claim 38, wherein said 
coalbed stimulation gas is an amount appropriate to stimulate said coalbed gas 

,o reservoir having said determined characteristics so as to produce coalbed gas 

containing less than about ten percent stimulation gas per unit volume under 
stabilized coalbed gas removal conditions. 

40. Ah apparatus for coaled gas production as described in clainj-35, further 
comprising a calculated coalbed gas desorptioil rate at which said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has a 
calculated average eoalbed gas removal rate which isnever less than said calculated 
coalbed gas desorption rateV- - 

41 . An apparatus for coalbed gas production as described in claim 40, further 
comprising: 

20 a wa t e r in at least a portion of said coalbed gas reservoir; 

1 b. a water displacement perimeter; and • 

c. at least one water confinement well which communicates with said coalbed 
to remove water encroaching on said water displacement perimeter. 

42: Ail apparatus for coalbed gas production as described in claim 41, therein said at 
25 least one water confinement well which communicates with said coal is located at 

said water displacement perimeter. 
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43. An apparatus for coalbed gas production as described in claim 41 , wherein said at 
least one coalbed gas removal element coupled to said at least one confinement well 
assists said at least one coalbed gas removal element to remove coalbed gas at said 
calculated coalbed gas removal rate which is never less than said calculated coalbed 
gas desorption rate. 

44. An apparatus for coalbed gas production as described in claim 43, wherein said at 
least one production well has a location at about a centroid of an approximately 40 to 
320 acre tract of land. 

45. An apparatus for coalbed gas production as described in claim 44, wherein said at 
least one water confinement well has a location at the extent of said approximately 
40 to 320 acre tract of land. \ ; 

46. An apparatus for coalbed gas production as described in claim 41, wherein said at 
least one water confinement well has a location at about a boundary of a production 
well drainage radius for said at least one production well. 

15 47; An apparatus for coalbed gas production as described in claim 41, wherein said 

coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

48. An apparatus for coalbed gas production as described in claim 47, further 

20 comprising a coalbed structure alteration element which acts after a portion of said 

coalbed gas is removed from said stimulated coalbed reservoir. 

49. An apparatus for coalbed gas production as described in claim 45, wherein said 
approximately 40 to 320 acre tract of land has a substantially square perimeter. 

50. An apparatus for coalbed gas production as described in claim 49, wherein said 

25 approximately 40 to 320 acre tract of land having a substantially square perimeter is 
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adjacent to a another approximately 40 to 320 acre tract of land having a 
substantially square perimeter having a production well. 

51. An apparatus for coalbed gas production as described in claim 37, 38, 40, 41 ; 42 or 
43, wherein said coalbed stimulation gas is selected from a group consisting of 

5 nitrogen, carbon dioxide, air, or a gas less sorptive to coal than methane: 

52. A method of producing coalbed gas, which comprises the steps of: 
a. locating a coalbed having coalbed gas sorbed to coal; 

b establishing at least one production well to cornrnunibate With said coalbed 
gas; 

10 c. deterrnining ii characteristic of said coalbed; 

d. calculating an appropriate volume of a coalbed stimulation gas to inject into 
said coalbed ha\dhg said characteristic; 

e. injecting said calculated volume of said simulating gas into said coalbed 
reservoir; 

15 f. stimulating said coalbed gas reservoir; 

g desorbing at least a portion of said coalbed gas sorbed onto said coal in said 

. stimulated coalbed reservoir, and 
h. removing coalbed gas from said coalbed reservoir. 

53. A method of producing coalbed gas as described in claim 52, wherein said step of 
20 calculating said appropriate volume of said stimulation gas to inject into said 

coalbed gas reservoir comprises calculating said volume of said stimulation gas 
which results in produced coalbed gas from said production well having less than 
about ten per cent stimulation gas per unit volume of produced coalbed gas. 

54^ A method of producing coalbed gas as described in claim 52, wherein said step of 
25 calculating said appropriate volume of said stimulation gas to inject into said 

coalbed gas reservoir comprises calculating said volume of said stimulation gas 
which results in produced coalbed gas from said production well having less than 
about four per cent stimulation gas per unit volume of produced coalbed gas. 
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55. 



57. 
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58. 



59. 
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A method of producing coalbed gas as described in claim 54, further comprising the 
step of using a stimulation gas amount calculation element: 



56. A method of producing coalbed gas as described in claim 54, which further 
comprises the steps of calculating a coalbed gas desorption rate at which said 
coalbed gas desorbs from said coal and wherein said step of removing coalbed gas 
from said coalbed reservoir has a calculated average rate which is never less than 
said calculated coalbed gas desorption rate. 



A method of producing coalbed gas as described in claim 56, wherein said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas from said water confinement wells. 

A method of producing coalbed gas as described in claim 57, wherein said step of 
calculating said desorption rate at which said coalbed gas desorbs from said coal 
further-comprises using a desorption rate calculation element. 

A method of producing coalbed gas as described in claim 57, wherein said step of 
removing coalbed gas from said coalbed reservoir further comprises calculating a 
coalbed gas removal rate using a gas removal rate calculation element: 



60. A method of producing coalbed gas as described in claim 50, which further 
comprises the steps of: 

a. locating wafer in at least a portion of said coalbed gas reservoir; 

b. calculating a water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 

c displacing said water in said at least a portion of said coalbed gas reservoir; 
d. establishing a water displacement perimeter; 
25 e. establishing at least one water confinement well to communicate with said 

water located at about said water displacement perimeter; and 
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f maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 

61 A method of producing coalbed gas as described in claim 60, wherein said step of 
calculating said water displacement pressure hot substantially larger than said 
hydrostatic pressure to displace said water comprises using a water displacement 
calculation element. 

62. A method of producing coalbed gas as described in claim 60, which further 
comprises the steps of: 

a. injecting a gas into said coalbed having an injection gas pressure sufficient to 
reduce the water permeability of said coalbed; 

b. displacing said water from at least a portion of said coalbed without 
substantially altering said coalbed structure; 

c ; reducing the water permeability of said coalbed; 

d: - excluding at least a portion of said water from entering to said reduced 
1 5 permeability coalbed. 

63. Aniethod of producing coalbed gas as described in clm^ step of; 
injecting a gas into said coalbed having an injection gas pressure sufficient to reduce 
the water permeability of said coalbed comprises calculating a approximate 
minimum stimulation gas pressure to reduce the water permeability of said coalbed 

20 reservoir. 

64. A method of producing coalbed gas as described in claim 63, wherein said step of 
calculating a minimum stimulation gas pressure to reduce the water permeability of 
said coalbed reservoir comprises using a reduced permeability gas pressure 
calculation element. 

25 65. A method of producing coalbed gas as described in claim 63, which further 
comprises the step of cavitating the coalbed gas reservoir. 
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66. 



67. 



A coalbed gas produced in accordance with the method of claims 52, 54, 56, 60, 62 
or 65. 



A method of producing coalbed gas as described in claim 52, 54, 56, 60, 62, or 65, 
wherein said step of establishing at least one production well comprises locating said 
at least one production well at about a centroid of an approximately 40 acre to 320 
acre tract of land. 



68. A method of producing coalbed gas as described in claim 67, wherein said step of 
establishing at least one water confinement well comprises locating four water 
confinement wells located at the corners of a substantially squajre perimeter 

io encompassing said approximately 40 acre^ to 320 acre tract of land. 

69. A method of producing coalbed gas as described in claim 68^ which further 
comprises the step of locating said at least one production well adjacent to another 
approximately 40 acre to 320 acre tract of land, having a production well. 



15 



70. A method of producing coalbed gas as described in claim 69, wherein said step of 
injecting a stimulation gas into said coalbed reservoir comprises injecting 
stimulation gas selected from a group consisting of nitrogen gas, carbon dioxide gas, 
air, or a gas less sorptive to coal than methane. 



71. An apparatus for coalbed gas production, comprising: 
a. a coalbed; 
20 b. coalbed gas sorbed to said coalbed; 

c at least one production well which communicates with said coalbed gas; 
d: desorbed coalbed gas from said coalbed having a calculated gas desorption 
rate; 

e. a desorbed coalbed gas removal system having a coalbed gas removal rate 

which is never less than said coalbed gas desorption rate; 
f- a production well coupling element responsive to said desorbed gas removal 
element and said production well; and 
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g . coalbed gas removed from said cbalbed gas reservoir: 

7Z An apparatus for coalbed gas production as described in claim 71, wherein said at 
least one production well has a location approximately at a centroid of an 
approximately 40 acre to 320 acre tract of land. 

5 73; An apparatus for coalbed gas production as described in claim 72, wherein said 
approximately 40 acre to 320 acre tract of land h 

74. Aii apparatus f6r coalbed gas production as described in claim 73, wherein said 
- approximately 40 acre to 320 acre tract of land having 

perimeter has a location adjacent to another approximately 40 acre to 320 acre tract 
i o of land having a production well. 

75. An apparatus for coalbed gas production as described in claim 74, wherein said 
injecting a coalbed stimulation gas into said coalbed reservoir comprises injecting a 
coalbed stimulation gas selected from a group consisting of nitrogen gas, carbon 
dioxide gas, air, a gas less sorptive to coal than methane. 

15 76. An apparatus for coalbed gas production as described in claim 71, further, 
comprising: ""• f ? 

a. a coalbed stimulation gas; .:- " 

b. a coalbed stimulation gas transfer element to deliver said stimulation gas to, 

said at least one production well; and 

c. a stimulated coalbed gas reservoir. 
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77. An apparatus for coalbed gas production as described in claim 76, further 
comprising: 

a. water in at least a portion of said coalbed gas reservoir; 

b. a calculated water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 
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c. a water displacement perimeter; and 

d. at least one water confinement well to communicate with said water located 
at about said water displacement perimeter, 

5 78. An apparatus for coalbed gas production as described in claim 77, wherein said at 
least one confinement well has a location at about said water displacement 
perimeter assists said production well to remove coalbed gas at said coalbed gas 
removal rate which is never less than said coalbed gas desorpti on rate. 

79. Ah apparatus for coalbed gas production as described in claim 78, wherein said at 

i o least one water confinement welt comprises locating four water confinement wells 

located at corners of said substantially square perimeter around siaid tract of land. 

80. ' An apparatus for coalbed gas production as described in claim 77, further 

comprising: 

a. : a characteristic of said coalbed; 
15 b. an appropriate volume of a coalbed stimulation gas based upon said coalbed 

characteristic; 

81. An apparatus for coalbed gas production as described in claim 80, wherein said ; , 
appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic results in coalbed gas removed from s^ stimulated coalbed gas 

20 reservoir which contains less than four per cent stimulation gas per unit volume. 

82. An apparatus for coalbed gas production as described in claim 81, wherein said 
coalbed stimulation gas has a pressure calculated to avoid altering the structure of 
said coalbed and wherein said stimulation gas pressure induces a reduced water 
permeability to said stimulated coalbed gas reservoir. 

25 83. - ; A method of producing coalbed gas, which comprises the steps of: 
a, locating a coalbed having coalbed gas sorbed to coal; 
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b; establishing at least one production well to communicate with said coalbed 

c. injecting a stimulation gas into said coalbed; 

d. terminating injection of said gas to said coal; 

5 e. desorbing said coalbed gas sorbed onto said coal; 

f. calculating 
coal; and 

g. establishing a 'coalbed gas removal rate which is never less than said 
calculated desorption rate. 

10 84. A method of producing coalbed gas as described in claim 83, wherein calculating 
said desorption rate at which said coalbed gas desorbs from said coal comprises 
; using a desorption rate calculation element. 

85. A method of producing coalbed gas as described in claim 84, wherein establishing 
said coalbed gas removal rate which is never less than said calculated desorption 
rate further comprises using a coalbed gas removal rate calculation element. 
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86. A method of producing coalbed gas as described in claim 85, which further 
comprises the steps of: 

a. locating water in at least a portion of said coalbed gas reservoir; 
, 20 b; calculating- a water displacement pressure not substantially larger than said 

hydrostatic pressure to displace at least a portion of said water from said 
coalbed gas reservoir; 
< c. ". displacing said water in said at least a portion of said coalbed gas reservoir; 
d. establishing a water displacement perimeter; 
25 e establishing at least one water confinement well to communicate with said 

s . i water located at about said water displacement perimeter; and 

£ maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 
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87. A inethod of producing coalbed gas as described in claim 86, wherein said step of 
establishing a coalbed gas removal rate which is never less than said calculated 
desorption rate further comprises removing said coalbed gas through said 
confinement wells. 

88. A method of producing coalbed gas as described in claim 86, which further 
comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas from said production well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

89: A method of producing coalbed gas as described in claim 86, which further 

comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
results in produced coalbed gas from said production well having less than ten per 
cent stimulation gas per unit volume of produced coalbed gas, 

90. A method of producing coalbed gas as described in claim 89, which further 
comprises the step of: 

a. injecting a gas into said coalbed having an injection gas pressure sufficient to 
reduce the water permeability of said coalbed; 

b. displacing said water from at least a portion of said coalbed without 
substantially altering said coalbed structure; 

c. reducing the water permeability of said coalbed; 

d. excluding at least a portion of said water from entering to said reduced 
permeability coalbed. 

91. A coalbed gas produced in accordance with the method of claims 83, 86, 88 or 90. 

92. A method of producing coalbed gas as described in claim 83, 86, 88 or 90, wherein 
said step of injecting a stimulation gas into said coalbed comprises injecting a gas 
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select from a group consisting of nitrogen gas, carbon dioxide, air, a gas less 
sorptive to coal than methane. 



93. 



A method of producing cSaibed gas as described in claim 90, wherein said step of 
drilling at least one production well comprises locating said production well 
approximately at a centroid of an approximately 40 acre to 320 acre tract of land. 

A method of producing coalbed gas as described in claim 93, wherein said locating 
said production well approximately at said centroid of said approximately 320 acre 
tract of land comprises establishing a substantially square perimeter and further 
comprising having said at least One confinement well at about each corner of said 
jo square perimeter: 



941 



95. 



A method of producing coalbed gas as described in claim 94, which further 
comprising 'the Step ^^ of locating said at least one production well at a centroid of an 
approximately 40 acre to 320 acre tract adjacent to an approximately 40 acre to 320 
acre tract having a production well. 

, 5 96. An apparatus for Coalbed gas production, comprising: 

a. a coalbed structure having a permeability characteristic; 

b . at least one production well which communicates with said coalbed structure; 
: c. anstimulationgashavingapressureina^ 

characteristic of said coalbed and which avoids disruption of said coalbed 

20 structure; 

d. an stimulation gas transfer element; 

a production well coupling element responsive to said injection gas transfer 
element and said production well; and 
f. a reduced water permeability coalbed. 

25 97. An apparatus for coalbed gas production as described in claim 96, wherein said 
injection gas having said pressure in a range which alters said permeability 
characteristic of said coalbed and which avoids disruption of said coalbed structure 



37 



WO<, °^ 9 PCT/USOO/,741, 

is not greater than a pressure necessary to reduce said water permeability of said 
coalbed. 



98. An apparatus for coalbed gas production as described in claim 97, further 
comprising: _ 

5 a; coalbed gas sorbed on said coalbed structure; 

b. desorbed coalbed gas from said reduced water permeability coalbed; 
- c. a desorbed coalbed gas removal system; and 

d, desorbed coalbed gas removed from said reduced water permeability coalbed 
through said production well. 

10 99. An apparatus for coalbed gas production as described in claim 98, further 
comprising: 

a. water in at least a portion of said coalbed gas reservoir; 
b - a calculated water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
15 coalbed gas reservoir; 

c. a water displacement perimeter; 

d. at least one water confinement well to conrniunicate with said water located 
at about said water displacement perimeter; and 



20 



l0 °- An apparatus for coalbed gas production as described in claim 99, wherein said at 

least one confinement well has a location at about said water displacement perimeter 
assists said production well to remove coalbed gas at said rate which is never less 
than a desorption rate of said coalbed. 



101. An apparatus for coalbed gas production as described in claim 1 00, further 
comprising: 

25 a. a characteristic of said coalbed; 

b. an appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic; 
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102. An apparatus for coalbed gaiproaucuoh ^ as dbsttibed.in claim 101, wherein said 
appropriate volume of a coalbed stimulation gas based upon said coalbed 
characteristic results in coalbed gas removed from said stimulated coalbed gas 
reservoir which contains less than four per cent stimulation gas per unit volume. 

5 103. An apparatus for coalbed gas production as described in claim 102, further 

comprising a calculated cOalbed gas desorption rate at which said coalbed gas 
desorbs from said coal and wherein said coalbed gas removal element has a 
calculated coalbed gas removal rate which is never less than said calculated coalbed 
gas desorption rate. 

,o 104. An apparatus for coalbed gas production as described in claim 103, wherein said at 
least one production well has a iocation approximately at a centroid of an 
approximately 40 acre to 320 acre tract of land. 

105. An apparatus for coalbed gas production as described in claim 1Q4, wherein said ; 
approximately 40 acre to 320 acre tract of land has a substantially square perimeter: 

,5 106. An apparatus for coalbed gas production as described in claim 105, wherein said at 
least one water confinement well comprises locating four water confinement wells 
located at comers of said substantially square perimeter around said tract of land. 

107: An apparatus for coalbed gas production as described in claim 106, wherein said : 
approximately 40 acre to 320 acre tract of land having said substantially square 
20 perimeter has a location adjacent to another approximately 40 acre to 320 acre tract 

of land having a production well. 

108. An apparatus for coalbed gas production as described in claims 96, 98, 100, 101, and 
1 03, wherein said stimulation gas is selected from a group consisting of nitrogen, , 
carbon dioxide, air, a gas less somtive to coal than methane. ■ 

109. A method of producing coalbed gas, which comprises the steps of: 



25 



39 



10 



WO 00/79099 PCT/USOO/1741 1 

a. locating a coalbed structure having a water permeability characteristic; 

b. establishing at least one production wejl to communicate with said coalbed 
structure; 

c. providing a stimulation gas; 

d. injecting said stimulation gas in a manner which avoids disturbing said 
coalbed structure; and 

e; altering said water permeability characteristic of said coalbed structure 
thrpugh injection of said stimulation gas in a vicinity of said at least one 
production \yelL 

110. A method of producing coalbed gas as described in claim 1 09, wherein said step of 
providing said stimulation gas comprises providing stimulation gas having a 
pressure which is not greater than a pressure necessary to reduce said water 
permeability of said coalbed structure. 



15 11 h A method of producing coalbed gas as described in claim 1 10, which further 
comprises the steps of: 

a. locating coalbed gas sorbed on said coalbed structure; 
bv desorbing coalbed g^ frpm said cpalbed having said water permeability 
characteristic altered by said stimulation gas; and 
20 c - removing desprbed, coalbed gas from said coalbed structure. 

1 12. A method of producing coalbed gas as described in claim 1 1 1, wherein said step of 
providing said stimulation gas comprises providing stimulation gas having a 
pressure which is not greater man apressure necessary to reduce said water 
permeability of said coalbed structure further comprises using a stimulation gas 

25 pressure calculation element. 

113. A method of producing coalbed gas as described in claim 1 1 1, which further 
comprises the step of calculating an appropriate volume of said coalbed stimulation 
gas to inject into said coalbed based upon a characteristic of said coalbed which 
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results in produced coalbed gas firorn said production well having less than four per 
cent stimulation gas per unit volume of produced coalbed gas. 

1 14. A method of producing coalbed gas as described in claim 1 13, which further 
comprises the step of calculating an appropriate volume of said coalbed stimulation 

5 gas to inject into said coalbed basedupon a characteristic of said coalbed which 

results in produced coalbed gas from said production well having less than ten per 
cent stimulation gas per unit volume of produced coalbed gas. 

115. A method of producing cbalbed gas as described in claim 1 14, which further 
comprises the steps of: - 

10 • a ; locating water in at least a portion of said coalbed gas reservoir; 

b. calculating a water displacement pressure not substantially larger than said 
hydrostatic pressure to displace at least a portion of said water from said 
cbalbed gas reservoir, 

c. r displacing said water in said at least a portion of said coalbed gas reservoir; 
15 d. establishing a water displacement perimeter; 

e. establishing at least one water confinement well to communicate with said 
water located at about said water displacement perimeter; and 

f: - maintaining said water displacement perimeter by removing said water 
encroaching upon said water displacement perimeter. 

20 116. A method of producing coalbed gas as described in claim 115, which further 
f comprises the steps of calculating a coalbed gas desorption rate at which said 

coalbed gas desorbs from said coal and wherein said step of removing coalbed gas 
from said coalbed reservoir has a rate which is never less than said calculated 
coalbed gas desorption rate. 

25 1 17. A method of producing coalbed gas as described in claim 1 16, wherein said step of 
removing coalbed gas from said coalbed reservoir at said calculated coalbed gas 
removal rate comprises removing coalbed gas from said water confinement wells. 
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1 1 8. A coalbed gas produced in accordance with the method of claims 111, 113, 1 1 5, 
116. 



119. A method of producing coalbed gas as described in claim 118, wherein said step of 
establishing said at least one production well comprises locating said production 

5 well approximately at a centroid of an approximately 40 acre to 320 acre tract of 

land.; 

1 20. A method of producing coalbed gas as described in claim 1 1 9, wherein said locating 
said production well approximately at said centroid of said approximately 320 acre 
tract of land comprises establishing a substantially square perimeter having four 

io confinement wells located at about the comers of said substantially square perimeter. 

121: A method of producing coalbed gas as described in claim 120, further comprising 
the step of locating said at least one production well at a centroid of an 
approximately 40 acre to 320 acre tract adjacent to an approximately 40 acre to 320 
acre tract having a production well. 

1 5 1 22. A method of producing coalbed gas as described in claim 1 11 ,. 113, 115, 116, 

wherein said step of injecting a stimulation gas into said coalbed comprises injecting 
a gas selected from a group consisting of nitrogen, carbon dioxide, air, a gas less 
sorptive to coal than methane. 

123. Methods substantially as described hereinbefore and with reference to any of the 
20 accompanying examples. 

124. Apparatuses substantially as described hereinbefore and with reference to any of the 
accompanying examples. 
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A. CLASSIFICATION OF SUBJECT MATTER 

!PC(7) :E2 1 B 43/25, 43/30. 47/00 

US CL :!66/52. 90.1. 245, 250.1. 263. 268. 369 
According to International Patent Classification (IPC) or lo both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 166/52, 66, 68.5. 90.1. 245. 250.1, 252.1. 252.5, 263. 268, 305.1. 308. 369; 299/12 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
EAST-BRS: coalbcd. coal seam r methane, water, perimeter, characteristic, property, permeability, calculate 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



x 

Y 



US 5,388,540 A (SATOMA) 14 February 1995 (14.02.95), see col. 
2, line 26 - col. 3, line 23; col. 4, lines 9-25; col. 9, line 66 "i col. 
10, line 44. 

US 4,544,037 A (TERRY) 01 October 1985 (01.10.85), see Figures 
1,3 and col. 5, line 58 - col. 6, line 52. 



US 5,501,273 A (PURI) 26 March 1996 (26.03.96), see Figure 10 
and col. 5, line 8 - col. 6, line 1.1. 

US 5,566,755 A (SEIDLE ET AL) 22 October 1996 (22.10.96), see 
entire document. 



71-76, 83-85, 91- 
95 



96^98,108-111, 
118,122 

112, 119-121 

112, 119-121 

71-95 



| x| Further documents are listed in the continuation of Box C. [ [ See patent family annex. 



* Special categories of cited documenu: 

•A" document defining the general stale of the art which is not considered 

to be of particular releyahcc 

'E* eaxlier document published on or after the international filing date 

*L' document which may throw doubts on priority ctaim(s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

*0' document referring to an oral disclosure, use, exhibition or other 

means 

*P* document published prior to the international filing date but later than 

the priority; date claimed 



later document published after die international filing date or priority 
date and not ui conflict with the application but cited to understand 
the principle or theoty underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
. considered to involve an inventive step when the document n 
combined with one or more other such documents, such combination 
being obvious lo a person skilled in the art 

document member of the same patent family 
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Category* I Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,501,279 A (GARG ET AL) 26 March 1996 (26.03.96), see | 1-36 
entire document. 

US 5,388,642 A (PURI ET AL) 14 February 1995 (14.02.95), see | 71-95 
entire document. 

US 5,388,641 A (YEE ET AL) 14 February 1995 (14.02.95), see j 71-95 
entire document. 

US 5,085,274 A (PURI ET AL) 04 February 1992 (04.02.92), see | 1-36, 71-122 
entire document. 



US 5,014,785 A (PURI ET AL) 14 May 1991 (14,05.91), see 
entire document. 



1-36, 96-122 



US 4,756,367 A (PURI ET AL) 12 July 1988 (12:07.88), see entire | 1-36, 96-122 
document. 



US 4,089,374 A (TERRY) 16 May 1978 (16.05.78), see entire 
document. 
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Box I Observations where certain claims were found unsearchable (Continuation) of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 

r^l Claims Nos.: 123 and 124 

because they relate to subject matter not required to be searched, by this Authority, namely: 

the claims are clearly non-statoatory in the absence of any structure or method step(s) 



2. | J Claims Nos.: 

■ — * because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out. specifically: 



3. Q Claims Nos.: 

because they arc dependent claims and arc hot drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This international Searching Authority found multiple inventions in this international application, as follows: 
Please Sec Extra ShccL 



I. I j As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

21 [ | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. | x{ As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
**"""* only those claims for which fees were paid, specifically claims Nos.: 
1-36 and 71-122 



4. | ' | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:- 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| X| No protest accompanied the payment of additional search fees. 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 



International application No. 
PCT/USOO/17411 



This application contains the following inventions or groups of inventions which are not so linked as to form a single 
l^lZT^Zlr PCT Rule In order for all invents to be searched, the appropnate add.Uona, search fees 

must be paid. 

Coup I. claims 1-36. drawn to a method and apparatus for coa.bed gas production including means for stimulation gas 
injection and reducing water production. 

Group II. claim(s) 37-70. drawn to a method and apparatus for cola bed gas production via gas injection based on 
determined characteristics of the. coal bed. 

Group 111. claim<s) 71-95. drawn to a method and apparatus for producing coal bed gas by establishing an optimum coal 
gas production rate. 

Group IV. claims 96-124. drawn to a method and apparatus for coal bed gas production form a coal bed having a certain 
water permeability characteristic including a step of and means for altering such water permeabthty charactensnc. 



The inventions listed as Groups UUII and IV do not relate to a single inventtve concept under PCT Rule 13.1 because, 
under PCT Rule 135. they lack tee same or corresponding special technical features for the fol.owmg reasons: 

Each of the above groups specify or include a special technical feature(s) wh.ch ,s not present or mcluded ln 
the other groups. For example, tee Group II invention calls for injecting a predeterm.ned or calculated vo umc of 
stimulating ga^ which said step or means is not present or requited in the other groups. Only tee Group .11 mvenuon 
emulates of determines a desorption rate for coal bed gas and teen established a coalbed gas removal rate never less 
^ sard calculated desorption «.e. The Group 1 and IV inventions recite respective or d.fferent technics for water 
control in conjuntion with coal bed gas production. 
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